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 The objective of this experiment was to prepare shellac wax (S) matrix tablet by 
fusion and molding technique incorporated with poloxamer (L) in different ratios to 
modify the hydrophobicity of matrix tablet. The single layered tablet with sole drug was 
loaded with propranolol hydrochloride (Pro) or hydrochlorothiazide (HCT) as hydrophilic 
and hydrophobic model drugs, respectively, and also the combined formula were 
prepared and studied the dual drug release pattern by dissolution apparatus using 
distilled water as medium at 37 ˚C with 100 rpm rotational speed. The appropriate ratio 
between L: S was selected to prepare the double layered tablets in order to control the 
release surface area with promoting the zero order kinetic. The effects of drug loaded in 
different sizes of inside tablet and outside layer on drug release were studied. The drug 
release from single layered tablet varied depending on drug properties and the ratio of 
L:S  in the systems. The 7:3 L:S was selected to prepare the double layered tablet. 
However, the formulation which S was used as outside tablet and L was used as inside 
tablet with 8 mm diameter showed more appropriate drug release. It could control drugs 
release within 420 minutes with highest release was 87.7 and 79.4% for Pro and HCT, 
respectively. Almost of drug release from the double layered tablets fitted well with zero 
order kinetic due to the restriction of release surface area. Biphasic drug release pattern 
was found in some formula with the outside layer rapidly eroded. The physicochemical 
characterization exhibited no interaction of Pro in these matrix bases but HCT was solid 
dispersion with L at the content below 10%. Therefore, drug release from S matrix could 
enhance by incorporation of L and control the drug release with zero order kinetic by 
fabricating into double layer tablet. 
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การทดลองน้ีท าการเตรยีมยาเมด็เมทรกิซด์ว้ยวธิกีารหลอมและการหล่อแบบจากไข
เชลแลคทีถู่กปรบัคา่ความไมช่อบน ้าดว้ยพอลอคซาเมอรใ์นอตัราสว่นต่างๆ บรรจุยาเดีย่วของ
โปรปราโนลอล ไฮโดรคลอไรด ์ซึง่เป็นยาตน้แบบชนิดชอบน ้า หรอื ไฮโดรคลอโรไทอาไซด ์ซึง่
เป็นยาตน้แบบชนิดไมช่อบน ้าและต ารบัทีบ่รรจุยาผสม เพือ่ศกึษาการปลดปล่อยยาทัง้สองชนิด
พรอ้มกนัโดยใชเ้ครือ่งวดัการละลายยาโดยใชน้ ้ากลัน่ ทีอุ่ณหภูม ิ 37 ᵒซ เป็นตวักลางดว้ย
อตัราเรว็การหมุน 100 รอบต่อนาท ี และคดัเลอืกยาเมด็เดีย่วทีม่อีตัราสว่นระหวา่งพอลอคซา
เมอรก์บัไขเชลแลคทีเ่หมาะสมในการน าไปเตรยีมเป็นยาเมด็รปูแบบสองชัน้ทีม่กีารควบคุมพืน้ที่
ผวิในการปลดปล่อยยาเพือ่ปรบัใหร้ะบบสามารถปลดปล่อยยาในรปูแบบอตัราการปลดปล่อย
คงที ่ และศกึษารปูแบบการปลดปล่อยยาจากการบรรจุยาในเมด็ยาขนาดต่างๆ ทัง้ชัน้ในและ
ชัน้นอก พบวา่ยาเมด็เดีย่วมรีปูแบบการปลดปล่อยยาแตกต่างกนัขึน้กบัคุณสมบตัขิองยาและ
ปรมิาณของพอลอคซาเมอรใ์นยาพืน้ ยาพืน้ทีม่อีตัราสว่นของพอลอคซาเมอรต์่อไขเชลแลค
เทา่กบั 7:3 ถูกน ามาเตรยีมเป็นเมด็ยาสองชัน้ อยา่งไรกต็ามต ารบัทีม่อีตัราการปลดปล่อยยาใน
รปูแบบทีเ่หมาะสมเป็นต ารบัทีเ่ตรยีมโดยใชไ้ขเชลแลคเป็นยาเมด็ชัน้นอกและพอลอคซาเมอร์
เป็นยาเมด็ชัน้ใน ทีข่นาดยาเมด็ชัน้ใน 8 มลิลเิมตร โดยควบคุมการปลดปล่อยยาในเวลา 420 
นาทไีด ้ มปีรมิาณการปลดปล่อยยาสะสมสงูสุดคดิเป็นรอ้ยละ 87.7 และ 79.4 ส าหรบัโปรปรา
โนลอล ไฮโดรคลอไรดแ์ละไฮโดรคลอโรไทอาไซดต์ามล าดบั รปูแบบการปลดปล่อยยาจากยา
เมด็สองชัน้ต ารบัอื่นๆ สว่นใหญ่มอีตัราการปลดปล่อยยาแบบคงที ่ เน่ืองจากการจ ากดัพืน้ทีผ่วิ
ในการปลดปล่อยยา และมกีารปลดปล่อยยาแบบสองชว่งในบางต ารบัทีย่าเมด็ชัน้นอกเกดิการ
กรอ่นอยา่งรวดเรว็ การทดสอบคุณสมบตัทิางเคมกีายภาพของยาและยาพืน้ พบวา่โปรปรา
โนลอล ไฮโดรคลอไรด ์ไมเ่กดิปฏกิริยิาต่อยาพืน้ทัง้สองชนิด แต่ไฮโดรคลอไรไทอาไซดส์ามารถ
เกดิการกระจายตวัในภาวะของแขง็กบัพอลอคซาเมอรท์ีป่รมิาณยาไมเ่กนิรอ้ยละ 10 ดงันัน้การ
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CHAPTER I 
INTRODUCTION 

 
 Controlled release dosage form is a system to provide drug release in an 
amount sufficient to maintain the therapeutic drug level over extended period of time 
which the release profile is controlled by special technique (Khan, 2001).  The matrix 
tablet is one in variety types of controlled release dosage form. It is designed to solve 
many drawback of the conventional dosage form (Tiwari et al., 2012). The drug release 
from matrix tablet is mainly controlled by two mechanisms including dissolution control 
and diffusion control (Modi et al., 2011). However, many factors could influence the drug 
release profiles which several drug release mathematic models are designed to 
conceptualize the true release mechanism of each matrix tablet such as zero order 
kinetic, first order kinetic, Higuchi’s model, power law and cube root law (Costa and 
Lobo, 2001; Kalem et al., 2007; Dash et al., 2010). 
 The matrix tablet made from waxy material is a great potential for the time 
controlled release of drug (Siepmann and Siepmann, 2011). The wax matrix tablet could 
be prepared by sintering method based on heating the waxy material and blending the 
other excipients into the molten wax (Tiwari et al., 2012). Some methods could be used 
to prepare the wax matrix including hot melt extrusion (Chokshi and Zia, 2004) or 
injection molding (Quinten et al., 2009). However, these methods compose of many 
processes and high cost of production. The melting and molding technique is an 
interesting and easier method to prepare the wax matrix tablet (Mesnikul et al., 2008). 
This method is based on melting waxy carrier and mixing with drug or other excipients 
before molding and solidifying.  
 Shellac wax (S) obtains from insect secretion of Laccifer lacca. This wax has 
been found in India, Thailand and other South East Asia. It is obtained about 5% as a 
byproduct from shellac manufacturing or collected from a first melting of crude as initial 
substance before processing to be shellac (Edward and Falk, 1997). In Thailand, 
shellac is produced at the northern part including Lamphun and Lampang province. This 
wax is used in agricultural manufacture for fruit or vegetable coating (Lau, 1998; Dou 
and Ismail, 1999). In pharmaceutical, shellac is applied as compression   
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coating for conventional tablet dosage form (Mollohan and Makhlouf, 1975). The 
application the shellac wax as matrix base for controlled release has not been reported.  
 Poloxamers (L) are synthesized tri block copolymers. This group of copolymers 
consists of ethylene oxide (EO) and propylene oxide (PO) blocks arranged in a tri block 
structure. These copolymers have amphiphilic properties (Dumortier  et al., 2006). The 
hydrophilic polymer such as this polymer can tune up the drug release profile for waxy 
matrix due to the hydrophilic property of poloxamer hence it could create the pore and 
channel on the wax matrix which allowed higher content of dissolution medium 
penetration (Janin et al., 2007). The incorporation of this polymer might enhance the 
drug release of shellac wax tablet therefore this poloxamer is used to tune up the drug 
release from shellac wax matrix in this experiment. 
 Propranolol hydrochloride (Pro) is non-specific ᵦ-adrenergic blocker drug 
popularly used to treat many of cardiovascular diseases such as cardiac arrhythmia, 
angina pectoris, and myocardial infarction and hypertension. It is soluble in water 
(AHFS, 2009). It has to take orally for two or three times daily to treat the diseases as 
described above. Therefore, it will be convenient for patient if it is prepared into the 
controlled drug release dosage forms which the administration is as once daily.  
 Hydrochlorothiazide (HCT) is a thiazide group diuretic drug used to treat 
hypertension, oedema or diabetes insipidus. This drug is sparingly soluble in water 
(Snow, 2009). 
 Both drugs are used together to treat hypertension as a combine formulation 
and has a market product named Inderide®. Therefore, propranolol hydrochloride and 
hydrochlorothiazide were used as hydrophilic and hydrophobic model drug in this 
experiment, respectively.  
 The major drawback of conventional dosage form is the inconstant of drug 
release because the tablet surface area gradually decreased when contacted to 
dissolution medium or the swollen of some type of matrix tablet which promoted longer 
diffusion path inside the matrix tablet therefore the drug release rate decreased (Kim, 
1995). The modifying of the dosage form has been performed to provide the zero order 
drug release such as cone shape tablet, biconcave tablet (Benkorah, 1996) and 
hemisphere tablet (Siegel, 2000). These tablets are designed to compensate the 
increasing of dissolution path length which can promote the decreasing drug release by 
increasing release surface area. The other works restricted the surface area to control 
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the drug release with zero order release kinetic such as donut shape tablet (Kim, 1995) 
and core-in-cup tablet (Danckwert and Van Der Watt, 1995). Due to the easier of tablet 
preparation, the tablet in this experiment was designed to control the zero order release 
kinetic by restrict the drug release surface area because it was easy to prepare and 
control the parameter influenced on the zero order release kinetic when compared with 
the cone shape, biconcave and hemisphere tablets 
 In this study, drug release and drug release pattern of sole and combined drug 
loaded in single layered matrix tablets prepared from fusion and molding technique of 
shellac wax with various ratio of poloxamer were studied. Double layered matrix tablets 
were prepared and studied for the restriction of surface area on drug release and drug 
release pattern. These tablets were prepared from the altering inside and outside layers 
of each matrix bases. The effect of drug loading at outside or inside layers was also 
investigated. Physical properties of matrix tablets and physicochemical characterizations 
of the prepared mixtures were also investigated.  
 
The objectives of this study were: 

1. To investigate the effect of poloxamer content on drug release and drug release 
pattern from shellac wax matrix tablet  

2. To investigate the effect of hydrophilic and hydrophobic model drug and the 
effect of combined drug on drug release and drug release pattern from single 
layered matrix tablets  

3. To investigate the effect of restriction of drug release surface from double 
layered matrix tablets by varying the different size of drug release surface area 

4. To control the combined drug release from double layered matrix tablets with 
appropriate content and release with zero order kinetic. 
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CHAPTER II 
LITERATURE REVIEWS 

 
Matrix tablet 
 Matrix tablet is the system composing three dimensional network containing 
drug and the other substances. This system is prepared by dispersing drug as solid 
particle into the hydrophobic or hydrophilic polymers (Fig. 1). The matrix tablet is one in 
variety types of drug delivery system to sustain drug release which is designed to solve 
the drawbacks from conventional tablet such as the fluctuation of dose in human body 
and poor patient compliance. The drug fluctuation in conventional dosage form 
promotes many problems such as the adverse effect and the ineffective medical 
treatment when the concentration of drug is lower than its therapeutic index (Patel et al., 
2011) and (Tiwari et al., 2012). 
 

 
 

Fig 1  Drug arrangement in matrix formulation (Tiwari et al., 2012) 
 
Advantage of matrix tablet (Hemnani et al., 2011; Patel et al., 2011) 

- Easy to manufacture  
- Versatile, effective and low cost  
- Can be made to release high molecular weight compounds   
- The sustained release formulations may maintain therapeutic concentrations 

over prolonged periods. 
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- The use of sustained release formulations avoids the high drug level in blood 
stream resulted on the lowering of side effects from drug. 

- Sustained release formulations have the potential to improve the patient 
compliance. 

- Reduce the toxicity by slowing drug absorption. 
- Increase the stability by protecting the drug from hydrolysis or other derivative 

changes in gastrointestinal tract. 
- Minimize the local and systemic side effects. 
- Improvement in treatment efficacy. 
- Minimize drug accumulation with chronic dosing. 
- Usage of less total drug.  
- Improvement the bioavailability of some drugs. 
- Improvement of the ability to provide the special effects. 

 
Disadvantages of matrix tablet (Hemnani et al., 2011; Patel et al., 2011) 

- The remaining matrix must be removed after the drug has been released.  
- High cost of preparation.  
- The release rates are affected by various factors such as food and the rate 

transit through the gut. 
- The drug release rates vary with the square root of time.  
- Release rate continuously diminishes due to an increase in diffusional 

resistance and/or a decrease in effective area at the diffusion front. However, a 
substantial sustained effect can be produced through the use of very slow 
release rates, which in many applications are indistinguishable from zero-order.  

 
Classification of matrix tablet  
Based on the polymer used to prepare the matrix tablet, it can be divided into 5 types 
(Patel et al., 2011; Tiwari et al., 2012). 

1. Hydrophobic matrices or Plastic matrices 
The use of hydrophobic matrices was firstly introduced in 1959. This type of matrix 
tablet was prepared from inert material or insoluble polymer. The drug is released by 
the diffusion through the network of channels that exist between compacted 
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polymer particles. Normally, the drug release kinetic from this type of matrix tablet is 
diffusion controlled that could fairly fit by Higuchi’s model. 

2. Lipid matrices 
The lipid waxes and related materials are used to prepare the lipid matrices which the 
drug release is mainly with the pore diffusion on matrix surface and the matrix erosion. 

3. Hydrophilic matrices 
The matrix tablet can be prepared from hydrophilic substance such as hydroxypropyl 
methylcellulose (HPMC) or the other cellulose derivative and gum such as alginate or 
chitosan. 

4. Biodegradable matrices 
This type of matrix is designed to be degraded by logical enzyme in body or the other 
living cell and also nonenzymatic process by the body fluid. This process is based on 
the unstable linkage of the degradable functional group in matrix polymer backbone.  

5. Mineral matrices 
These systems consist of polymers obtained from various species of seaweeds such as 
algenic acid which is hydrophilic carbohydrate prepared from brown seaweeds in dilute 
alkaline.  
  
Moreover, the matrix system is also classified by its porosity including macro porous, 
micro porous and non-porous systems. The macro porous is the system which drug 
release through pore which its size is 0.1 to 1 µm. The pore is larger than the drug 
molecules. The micro porous is defined the system with 50 to 200 Aᵒ pore size which 
its size is slightly larger than diffusant molecular size. The last one is non-porous 
system indicating for the matrix with no pore. Drug release is mainly by diffusion 
through network meshes (Patel et al., 2011). 
 
Drug release from matrix tablet 
The major drug release is described by dissolution control and diffusion control. The 
dissolution rate of drug in matrix tablet is the rate limiting step of the dissolution control 
system for example the drug incorporated in inert polymer or the coating of drug 
granules or particles with various coated thickness. These releases depend on the drug 
dissolution and diffusion out of the medium or the dissolution of the coated drug particle 
or granule, respectively. The dissolution control is followed the eq. 1 which is shown 
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below. The rate limiting step of diffusion control system is the capability of drug to 
dissolve and diffuse out of the medium through the polymeric barrier. This type of drug 
release is manufactured either by drug reservoir which the drug is encapsulated into the 
inert polymeric membrane or the dispersion of drug into the swellable polymer. The 
diffusion control can described as the Fick’s law of diffusion as shown in eq. 2 (Khan, 
2001) and (Modi et al., 2011). 
 

  

  
  

   

 
       (1) 

 
where ,m, is mass transferred respect to time ,t, A is the surface area of the dissolving 
particle, D is diffusivity of drug, S expressed the aqueous solubility of the drug and h is 
thickness of the boundary layer.  
 

  

  
     

  

 
      (2) 

 
where ,m, is mass transferred respect to time ,t, A is the surface area of tablet, D is 
diffusion coefficient, K expresses the partition coefficient of the drug between the drug 
core and the membrane, l is diffusion path length and    is the concentration gradient 
across the membrane. 
 
Factor affecting the drug release  
 The drug release depends on many factors such as interior factor which is the 
other compounds in formulation or the exterior factor such as dissolution medium. Many 
researchers reviewed about factors affecting the drug release as reported by Maderuelo 
et al. (2011). The critical factor on drug release profile includes drug itself; i.e. its 
molecular weight, solubility, particle size and dose. The drug with high molecular weight 
releases slower than the drug with low molecular weight because the high molecular 
weight drug can diffuse slower through pore. Drug with high solubility can easily 
dissolve and diffuse out to the medium. Drug particle size relates with the dissolution of 
the particle. Larger particle size means that it takes more time for dissolution. The initial 
dose influences the concentration gradient within the matrix when the water penetrates 
into the matrix. Drug with high initial dose can release faster than that of the lower initial 
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dose. The added polymer properties such as the type of polymer, molecular weight of 
polymer, polymer mixtures, substituents of the polymer side chain, radius of gyration, 
polymer particle size also significantly influence the drug release. The polymers with 
different physicochemical properties are used in the formulation hence they affect the 
drug release. The polymer molecular weight affects the gel strength and also the drug 
release. The drug release from mixture of polymer is varied depending on the ratios of 
each polymer. The substituents of polymer side chain related to the hydration rate of 
the polymer thus the high substituents can more retard the drug release. Radius of 
gyration means the length of the gel layer from the polymer, higher length means higher 
path of drug to diffuse. Polymer particle size is less significant effect because the 
swelling behavior is more important when that polymer contacts to the dissolution 
medium. However, this factor is more effective when the hydrophobic polymer is used. 
The polymer concentration can increase the viscosity of gel and also increase radius 
gyration therefore the drug release decreases (Patel et al., 2011). The shape and 
surface area of the matrix tablet are also important to be considered for designing the 
matrix system (Patel et al., 2011). The higher surface area can generate many pores at 
the matrix surface and influence on many release pathways (Tiwari et al., 2012). 
Geometric shapes of tablet can also affect the drug release profile (Karasulu et al., 
2002). The other parameters such as the method of preparation (Maderuelo et al., 
2011) or the other excipient in formulation (Phaechamud, 2008) also affect the drug 
release profiles. The types of dissolution apparatus (Uddin et al., 2011) and rotation 
speed (Phaechamud and Ritthidej, 2008) have also been reported for their effects on 
drug release.  
 
 According to the reason described above, although the drug release is mainly 
controlled by two major mechanisms whether dissolution or diffusion control but other 
factors can influence the drug release and result in the variation of drug release profile. 
Many researchers attempted to determine the true mechanism of drug release hence 
they developed many mathematical models to estimate the kinetic of those drug release 
profiles (Dash et al., 2010).  
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Mathematical modeling of drug release profile  
Principle of drug release kinetic 
 As described previously, the drug release from matrix tablet is based on 
dissolution and diffusion control hence the fundamental principle of many drug release 
kinetics was developed from Noyes-Whitney (1897) which described the drug 
dissolution of drug as eq. 3 and Fick’s first law which described drug diffusion as 
described previously (Dash et al., 2010). 
 

  

  
               (3) 

 
where M, is mass transferred with respect to time, t, by dissolution from the solid 
particle of instantaneous surface, S, under the effect of the prevailing concentration 
driving force, (Cs-Ct), where Ct is the concentration at time t and Cs is the equilibrium 
solubility of the solute at the experimental temperature. The rate of dissolution dM/dt is 
the amount dissolved per unit area per unit time and for most solid can be expressed in 
units of g x cm-2 x s-1  
 
Zero order release kinetic 
Drug dissolution from dosage forms that does not disaggregate and release the drug 
slowly can be represented by the eq. 4 (Dash et al., 2010) 
 

              (4) 
 
Rearrangement of eq. 4 yields the eq. 5 
 

              (5) 
 
where Qt is the amount of drug dissolved in time t, Q0 is the initial amount of drug (most 
times, Q0 = 0) and K0 is the zero order release constant expressed in units of 
concentration/time. 
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First order release kinetic 
From the principle of Noyes-Whitney in 1897, first order release kinetic was later 
developed by Gibaldi and Feldman in 1967 and Wagner in 1969 to describe drug 
release kinetic depending on the concentration as shown below (Costa and Lobo, 
2001).  
 

            
  

     
    (6) 

 
where Qt is the amount of drug release at time t, Q0 is the initial amount of drug in the 
solution and K is the first order release constant.  
 
The zero and first order kinetics indicates only the drug release dependes on time or 
concentration, respectively. They can not exactly determine the true mechanism of drug 
release kinetic (Costa and Lobo, 2001). The zero order can correspond to a single 
physical or chemical phenomenon, but it can also result from the superposition of 
several processes such as dissolution and polymer chain cleavage (Siepmann and 
Göpferich, 2011) whereas first order release kinetic is based on the factors influenced 
on drug dissolution (Dash et al., 2010) 
 
Higuchi’s model 
The first example of a mathematical model aimed to describe drug release from a 
matrix system was proposed by Higuchi in 1961 (Dash et al., 2010). Initially conceived 
for planar systems, it was then extended to different geometrics and porous systems. 
This model is based on the hypotheses that (i) initial drug concentration in the matrix is 
much higher than drug solubility; (ii) drug diffusion takes place only in one dimension 
(edge effect must be negligible); (iii) drug particles are much smaller than system 
thickness; (iv) matrix swelling and dissolution are negligible; (v) drug diffusivity is 
constant; and (vi) perfect sink conditions are always attained in the release 
environment. Accordingly, model expression is given by the eq. 7 (Kalam et al., 2007) 
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       √              (7) 
 
where Q is the amount of drug released at time t per unit area A, C is the drug initial 
concentration, Cs is the drug solubility in the matrix media and D is the diffusivity of the 
drug molecules (diffusion coefficient) in the matrix substance. This relation is valid 
during all the time, except when the total depletion of the drug in the therapeutic system 
is achieved. To study the dissolution from a planar heterogeneous matrix system, where 
the drug concentration in the matrix is lower than its solubility and the release occurs 
through pores in the matrix, the expression is given by eq. 8 
 

      √
  

 
              (8) 

 
where   is the porosity of the matrix,   is the tortuosity of the matrix and D, Q, A, Cs 
and t have the meaning assigned above. Tortuosity is defined as the dimensions of 
radius and branching of the pores and canals in the matrix. In a general way it is 
possible to simplify the Higuchi model as eq. 9 (Generally known as the simplified 
Higuchi model) 
 

        
 

       (9) 
 
where, K is the Higuchi dissolution constant (Kalam et al., 2007; Dash et al., 2010). 
  This design is to describe the diffusion process base on Fick’s law with 
dependent on the square root of time (Kalam et al., 2007). This model is frequently 
occurred with the swellable matrix tablet (Patel et al. 2011; Tiwari et al., 2012) and also 
some waxy matrices (Özyazıcı et al., 2006; Abdelbary and Tadros, 2008). 
 
Korsmeyer-Peppas model 
Korsmeyer et al. in 1983 established the drug release kinetic from matrix tablet which 
described mechanisms of drug release based on drug diffusion, polymer swelling and 
erosion or both phenomena. This model is known as power law model (Costa and 
Lobo, 2001). The mechanism is indicated by n exponent value from the eq. 10 which 
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the different characterized n values depend on the shape of matrix tablet as describes 
in Table. 1. 
 

  

  
          (10) 

 

 The 
  

  
 is fraction release of drug, k expresses the constant incorporating structural 

and geometric characteristic of the drug dosage form and n is exponent value indicated 
the release mechanism. 
 
Table 1 n exponent values and drug release mechanisms from different 
geometric tablet dosage forms (Siepmann and Siepmann, 2008).  

 
 
 
 
 
 
 

The Fickian diffusion or case-I transport refers to the drug release which is mainly on 
the drug diffusion out of the medium whereas case-II transport indicates the drug 
release based on the polymer swelling and erosion. In case-II transport, it is also 
expressed as the zero order kinetic which the drug release depends on time. The 
anomalous transport or non-Fickian involving to the first order release kinetic which the 
drug release mainly depends on both drug diffusion and polymer swelling and erosion 
phenomena (Costa and Lobo, 2001; Maderuelo et al., 2011). 
The major drawback of this model is that model can accurately determine the kinetic 
only first 60% of drug release. In some case, the n is higher than 1 indicating the super 
case-II transport which refers to the degradation or breakdown of the chain of the 
polymer and by erosion the loss of material from the whole initial bulk of the polymer 
(Maderuelo et al., 2011) 
 
 

Exponent, n 
Drug release mechanism 

Thin film Cylinder Sphere 

0.5 0.45 0.43 Fickian diffusion 

0.5<n<1.0 0.45<n<0.89 0.43<n<0.85 Anomalous transport 

1.0 0.89 0.85 Case-II transport 
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Hixson-Crowell cube root law 
 To evaluate the drug release with changes in the surface area and the diameter 
of the particles or tablets, Hixon-Crowell in 1931 (Kalam et al., 2007) recognized that 
the particle regular area is proportional to the cubic root of its volume as shown in eq. 
11 
 

  

 
    

 
         (11) 

 
where W0 is the initial amount of drug in the dosage form, Wt is the remaining amount 
of drug in the dosage format time ’t’ and k is a constant incorporating the surface 
volume relation.  
 
If the matrix tablets dissolution occurs in planes that are parallel to the drug surface and 
the tablet dimensions diminish proportionality in such a manner that the initial 
geometrical form keeps constant all the time. A graphical representation of the cubic 
root of the unreleased fraction of the drug versus time will be linear if the equilibrium 
conditions are not reached and if the geometrical shape of the dosage form diminishes 
proportionally overtime. This model is used by assuming that release rate is limited by 
the drug particles dissolution rate and not by the diffusion (Costa and Lobo, 2001; 
Kalam et al., 2007; Dash et al., 2010). 
 
MicroMath® ScientistTM for WindowsTM 
It is specifically designed to fit model equations to experimental data. Other programs 
focus on technical graphics, symbolic manipulation, matrix operations or worksheets for 
engineering calculations. ScienctistTM incorporates all these elements, but its primary 
function is fitting equations to experimental data. ScienctistTM can fit almost any 
mathematical model from the simplest linear functions to complex systems of differential 
equations, non-linear algebraic equations or models expressed as Laplace transforms. 
The Scientist Chemical Kinetic Library is a set of chemical kinetics models that can be 
used to simulate or analyze experimental data. The Chemical Kinetic Library includes 
models for zero, first and second order irreversible reactions, first order reversible 
reactions, and parallel first order irreversible reactions with up to three products. This 
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program used for fitting the drug release data has been previously reported (Jeong et 
al., 2000; Ahuja et al., 2007) 
Least square fitting the experimental dissolution data (cumulative drug release > 10% 
and up to 80%) to the mathematical equations (power law, first order, zero order, 
Higuchi’s and cube root) was carried out using a nonlinear computer programme, 
Scientist for windows, version 2.1 (MicroMath Scientific Software, Salt Lake City, UT, 
USA). The coefficient of determination (r2) was used to indicate the degree of curve 
fitting. Goodness-of-fit was also evaluated using the Model Selection Criterion (msc) 
(MicroMath Scientist Handbook, 1995), given below.  
 

      {
∑    (     

   ̅   )
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   (12) 

 
when Yobsi and Ycal are observed and calculated values of the i-th point, respectively, 
and wi is weight that applies to the i-th point, n is number of points and p is number of 
parameters. 
 
Poloxamer (L) 
 L is a synthesized tri-block copolymer which has been introduced in the late 
1950’s and since then it has been proposed for diverse pharmaceutical applications. 
They are listed in the US and European Pharmacopoeia. This group of copolymers 
consists of ethylene oxide (EO) and propylene oxide (PO) blocks arranged in a tri-block 
structure EOaPObEOa. Their chemical formula is HO[CH2CH2O]a [CH(CH3) 
CH2O]b[CH2CH2O]aOH, b is higher than 14. Registered trademarks of these copolymers 
(e.g., Pluronic, Synperonic or Tetronic) cover a large range of liquids, pastes and solids. 
They are synthesized by sequential polymerization of PO and EO monomers in the 
presence of sodium hydroxide or potassium hydroxide. Chromatographic fraction can be 
used to purify the block copolymers. These copolymers have amphiphilic properties 
characterized by their HLB values (hydrophilic and lipophilic balance), which highly 
depend on a and b values. By varying the values of these parameters, size, lipophilicity 
and hydrophilicity can be easily modified (Dumortier et al., 2006; Patel et al., 2009). The 
chemical structure of L is shown in Fig. 2 
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Fig. 2.   Tri block copolymer of L (Patel et al., 2009) 
 
grade, specification and properties of L 
 L grade and properties depend on the molecular weight which bases on the a 
and b sequence of the block copolymer as shown in Table. 2. (Patel et al., 2009; BASF, 
2002). Each of them also has the different physical and chemical properties as shown 
in Table. 3 and Table. 4. However, the pharmaceutical application popularly use two 
grades of L including L 188 (Lutrol F68) and L 407 (Lutrol F127) because both of them 
present the thermoreversible gel property (Patel et al., 2009).  
 
Table 2 L grade (BASF,2002) 
 

 
 
Table 3 L specification (BASF, 2002)  
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Table 4 L properties (BASF, 2002) 
 

 
 
The gel formation from micellization of L 
The phenomenon of thermo gelling is perfectly reversible and is characterized by a sol-
gel transition temperature (Tsol-gel). Below this temperature, the sample remains fluid 
though above the solution becomes semi-solid. The thermo gelation results from 
interactions between different segments of the copolymer. As temperature increases, L 
407 copolymer molecules aggregate into micelles. This micellization is due to the 
dehydration of hydrophobic PO blocks, which represents the very first step in the gelling 
process (Fig. 3). These micelles are spherical with a dehydrated poly PO core with an 
outer shell of hydrated swollen poly EO chains (10). This micellization is followed by 
gelation for sufficiently concentrated samples. This gelation is attributed to the ordered 
packing of micelles. The different structures can be observed with L 407 in water or in 
mixed solvents. A face centered cubic structure is obtained for L 407 concentrations in 
water ranging between 20 and 40%. At higher concentrations (50%), a body centered 
cubic packing of micelles is observed. These micellar cubic structures and possible 
micelle entanglements produce high viscosity, partial rigidity and slow dissolution of the 
gels. Such properties facilitate the incorporation of both hydrophilic and hydrophobic 
drugs (Dumortier et al., 2006). 
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Fig 3 Association mechanism of L gel from micelle structure (Dumortier et al., 2006). 
 
Applications of L in pharmaceutical matrix tablet 
From its surface active properties, L is widely used in many fields such as detergency, 
dispersion, stabilization, foaming, and emulsification (Patel et al., 2009). However, for 
matrix tablet, L is used to enhance the solubility of poorly soluble drug as a report of 
Newa et al. (2008). Ibuprofen could be solid dispersed with L 407 and resulted on the 
increasing of drug release. The same result was found as a report of Moneghini et al. 
(2009) which nimesulide solid dispersion in Lutrol F68 (L 188) could enhance the drug 
dissolution profile. The sustained release matrix tablet was also prepared from L 
(Cafaggi et al., 2005). The mixing between two polymers including L and chitosan could 
sustain the Pro release up to 8 hrs. Moreover, the use of L to enhance drug release 
from hydrophobic matrix was also reported (Savolainen et al., 2003). They attempted to 
increase the felodipine release from many wax matrices such as carnauba wax, cetanol 
and stearic acid. Incorporation of L could enhance the drug release from these wax 
matrices by increasing the pore channel of drug release and also reducing the tortuosity 
inside the wax tablet. In addition, L 407 has been reported that it could tune up the drug 
release from wax matrix better than L 188 (Janin et al., 2007) therefore it was chosen to 
tune up drug release from wax matrix tablet in this experiment. 
 
Shellac wax (S) 
 S (seedlac) is a natural by-product obtained from Laccifer lacca which is the 
class of insect. Shellac’s function is secreted to prevent blockage of cell pores and as 
an anti-constipate to alleviate the discomfort of the natural secretive activity of the insect 
(Edward and Falk, 1997). This wax has been found in India, Thailand and other South 
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East Asia. The S is obtained about 5% from a by-product of shellac manufacturing or 
collected from a first melting of crude as initial substance before processes to be 
shellac. Crude wax from the insect is melted and cooled to be a stick or film. From this 
process a stick lac is obtained which later is cracked to be a S. The S is refined to be 
shellac by three major processes including melting process, bleaching process and 
solvent extraction process which some of S is excluded from these three processes. In 
addition, the shellac obtained from these three processes appears a different physical 
property (Buch et al., 2009). ‘ 
Appearance of S 
 It is brownish or yellow, shining, translucent, hard or brittle, more or less thin flakes 
(Buch et al., 2009). 
Chemical structure and composition of S 
As reported by Ruguo et al. (2011), S composes of four fatty materials including fatty 
acid esters (70-82%), free fatty alcohols (8-14%), free fatty acids (1-4%) and 
hydrocarbons (1-6%). The fatty esters and fatty alcohols are from the interaction of 
some fatty acid component as shown in Table. 5. The fatty acids in S are aleuritic acid, 
shellolic acid and jalaric acid (Fig. 4). These compounds can interact together to form a 
many of ester products and also some of them transforms to be a fatty alcohols (Buch 
et al., 2009).   
  

 
 
Fig 4  Chemical structures of fatty acid monomer in S (Buch et al., 2009) 
 

Table 5 Monomeric fatty acid of S and its ester products (Buch et al., 2009) 
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Pharmaceutical applications of S 
S is normally used with agricultural products as a coating material to protect the 
products from moisture and air (Dou and Ismail, 1999). In pharmaceutical, S is applied 
to use as sustained release material in pellet dosage form due to its hydrophobic 
property which can slow down the water penetration into that pellet (Lantz et al., 1964). 
Moreover, it has been also used as powder coating material in tablet which it can 
provide a homogeneous and good stable film (Mollohan and Makhlouf, 1975). However, 
the S has not been reported as matrix tablet ingredient.  
 
Hydrochlorothiazide (HCT) 
HCT (6-chloro-3,4-dihydro-2H-1,2,4-benzothiadiazine-7-sulphonamide 1,1-dioxide ) 
(Martindale, 2007) is a thiazide group diuretic drug. It can be used to treatment many of 
diseases involving with electrolyte. It is frequently used to treat hypertension, edema or 
diabetes insipidus. It’s proprietary names such as Diural®, Diurex®, Dichlotride®, 
Didralin®, Hychlozide®, Hydrozide® and Servithiazid® (AHFS, 2009). 
  
Formula: C7H8ClN3O4S2 
 Molecular weight: 297.75 
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Chemical structure 

 
 
Fig 5  Chemical structure of HCT (Chetty, 2006) 
 
 Physical properties 
  Appearance 
  The drug appearance is a white or practically white, practically odorless 
crystalline powder. Melting point about 268 ᵒC with decomposition (Remington, 2006) 
  Crystal properties 
  It was reported only crystallinity form I existed in all commercial product 
(Johnston et al., 2007). However, this drug has been recently synthesized the new 
crystal form as reported by Florence et al. (2005). 
  Solubility 
  This drug is slightly soluble in water, freely soluble in sodium hydroxide 
solution or dimethyl formamide, sparingly soluble in methanol and insoluble in ether or 
chloroform. The solubility in other solvent is reported in Table. 6.  
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Table 6 Solubility of HCT in different solvent and buffer medium (Chatty, 2006) 
 

 
 

  Dissociation constant 
  Two pKa was found which pKa1 = 7.9 and pKa2 = 9.2 
 Stability 
 HCTZ undergoes hydrolysis to yield formaldehyde and 4-amino-6-chloro-m-
benzene disulfonamide in an equilibrium process. The reaction is reversible, and the 
equilibrium constant is independent of pH. In strong alkaline solutions the complete 
hydrolysis can occur. The most stability in aqueous solution is at pH 3.3 (Tagliari et al., 
2009). However, in solid state such as in tablet dosage form it shows good stability. In 
any way, it should protect from high moisture content to avoid the hydrolysis (Desai et 
al., 1996). In addition, it was suggested to store this drug in tightly closed container at a 
control room temperature of 15 – 30 ᵒC and protected from light, moisture and freezing. 
The commercial forms have an expired date for 3 or 5 years depending on the 
packaging.  
 
 Dosage and administration 
 HCT is usually given in the morning so that sleep is not interrupted by diuresis. 
Diuresis starts in about 2 hours after oral dose of HCT. The maximum dose reaches 
about 4 hours and lasts for 6 to 12 hours. The dosage of thiazides should be adjusted 
to the minimum effective dose. In general lower doses are required for treatment of 
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hypertension than for edema, although the maximum therapeutic effect may not be 
seen for several weeks. They may be given to patients with mild renal impairment but 
this drug not effective at a creatinine clearance of less than 30 mL/min. Dosage is only 
by tablet or capsule orally intake. The dose for hypertension is initially at 12.5 mg or 
increases up to 25 or 50 mg daily if necessary. For treatment of edema, the usual dose 
is 25 to 100 mg daily. In severe case, the initial dose could up to 200 mg daily but not 
suggest because more effective diuretic for treatment of edema is presented as loop 
diuretic such as furosemide. For treatment of diabetes insipidus, initial dose of up to 
100 mg daily. The initial dose for children has been 1 or 2 mg/kg daily in single or 
divided doses. The Infant under 6 months may need doses of up to 3 mg/kg daily. 
(Martindale, 2007) and (AHFS, 2009) 
 
Propranolol hydrochloride (Pro) 
  Pro (1-(isopropylamino)-3-(1-naphthyloxy)-2-propanol) hydrochloride 
(Martindale, 2007) is non-specific ᵦ-adrenergic blocker drug popular used to treat many 
of cardiovascular diseases such as cardiac arrhythmia, angina pectoris, and myocardial 
infarction and hypertension (AHFS, 2009). 
 Formula: C16H21NO2.HCl 
 Molecular weight: 295.80 
 Chemical structure 
 

 
 
Fig 6 Chemical structure of Pro (Chetty, 2006) 
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Physical properties 
  Appearance 
  The drug appearance is white or almost white powder that is odorless 
and has a bitter test. It melts between 163 and 164 ᵒC (Remington, 2006). 
  Crystal properties 
  The commercial available drug is a racemic mixture of the 2 optical 
isomers as form I and II. However, recently reported the polymorph form III presented in 
the solid state due to long storage but the form III can be converted into form I by a 
solid-solid transition. The most stable form is form II following by form I and III, 
respectively. The crystal morphology of each form is very similar with the particle size of 
10 – 50 µm. The solubility of form I and III is higher than form II. However, the crystal 
content in the commercial products is form II > form I and form III, respectively. 
(Bartolomei et al., 1999) 
  Solubility 
  Pro 1 gram can dissolve in 20 ml of water and alcohol but it is slightly 
soluble in chloroform and practically insoluble in ether (Remington, 2006).  
  Dissociation constant 
The weakly basic drug, Pro, has been reported the pKa value in the region of 9.45- 
9.50 (Prankerd, 2007). 
 Stability 
 In aqueous solutions, propranolol decomposes with oxidation of the 
isopropylamine side-chain, accompany by a reduction in pH and discoloration of the 
solution. Solutions are most stable at pH 3 and decompose rapidly in alkaline. For 
injection, it is reported compatible with 0.9% sodium chloride injection. It is stable in 
heat but is not stable in light and it is non-hygroscopic (AHFS, 2009). 
 Dosage and administration 
 Pro is prepared into many dosage forms including capsules as sustained 
release, solution, tablet and injection dosage forms. Dose of drug is variety from 10, 20, 
40 and 80 mg in solution and tablet dosage form. The extended release capsule dose is 
60, 80, 120 and 160 mg. For injection formula, it is prepared at 1 mg/mL concentration. 
For treatment of hypertension, Pro is recommended as alone or combination with the 
other anti-hypertensive drug. The initial dose is 40 to 80 mg twice daily, and increases 
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as require to a usual range of 160 to 320 mg daily. Some patient may require 640 mg 
daily. For treatment of angina pectoris, initial dose is 40 mg two or three times per day, 
and increases as require to a usual range of 120 to 240 mg daily. Maximum dose is 
320 mg daily. The emergency case for cardiac arrhythmia can be used the intravenous 
injection of Pro 1 mg in 1 min repeat necessary every 2 min until a maximum dose total 
of 10 mg. Patient receiving Pro intravenous should be carefully monitored. For children, 
the initial dose for hypertension is 1 mg/kg daily or 2 to 4 mg/kg daily two divided 
doses. For anti-arrhythmic or hyperthyroidism, the dose is 250 to 500 mcg/kg three or 
four times daily orally. For this experiment the 25 mg of this drug was used as 
hydrophilic drug.    
 Commercial product comprising both propranolol and HCT combine formula 
such as Inderide® containing 40 mg propranolol with 25 mg HCT or 80 mg propranolol 
with 25 mg HCT. This combination is purposed to use as anti-hypertensive drug 
(Martindale, 2007; AHFS, 2009). 
 
Matrix tablet preparation from sintering or heating technique 
 The various ways are used to prepare matrix tablet such as wet granulation, dry 
granulation and also sintering technique. The sintering technique is defined as the 
bonding of adjacent particle surfaces in a mass of powder or in a compact by 
application of heat. This field is interesting because it uses less process and excipient 
(Tiwari et al., 2012). Many of heating technique has been used to prepare the matrix 
tablet such as hot-melt extrusion which drug and other excipient are mixed and blended 
under high temperature and extruded out of the machine (Chokshi and Zia, 2004). 
Injection molding is also used to prepare the matrix tablet. It is a well-known versatile 
technique in preparing complex articles from thermoplastic materials with the aid of heat 
and pressure. It is a repetitive process in which molten polymer is injected into a closed 
and shape specific mold cavity, basically, duplicating the cavity of the mold. After 
solidification, the article is recovered by opening the mold to release the product. 
Extrusion is a process of converting a raw material into a product of uniform shape and 
density by forcing it through a die under controlled conditions. This technique has been 
used to prepare the marketed product named Egalet® (Quinten et al., 2009). The major 
drawn back of those techniques is the requirement of the high cost machine hence the 
easier way to prepare the matrix tablet is melting and molding technique which recently 
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reported by Mesnikul et al. (2008). They prepared the indomethacin matrix tablet from 
PEG 4000: PEG400 at ratio of 7:3 using various mold size to study the formulation 
variable affecting the physicochemical of these matrix tablets. The various molds with 
different sizes are shown in Fig. 7. This technique could prepare the matrix tablet with a 
homogeneous property and low cost of production.    
 

 
 
Fig 7  Mold sizes diameter of 8, 12 and 16 mm. (Mesnikul et al., 2008) 
 
Influence of hydrophilic polymer mixed with hydrophobic polymer 
As described previously, the hydrophobic matrix or lipid matrix could promote the good 
sustained drug release profile. But in some case, the release is too slow to maintain the 
drug concentration at appropriate range or reach the therapeutic concentration. 
Therefore, the hydrophilic polymer is applied to mix or melt together with hydrophobic 
matrix to tune on the drug release at appropriate range (Jannin et al., 2006). Two 
grades of L (L 188 and 407) and the content of these L were investigated. Their role on 
the theophylline release from glyceryl palmitostearate capsule (Jannin et al., 2006). L 
407 could promote faster for drug release than L 188. Increasing content of L could 
enhance the drug release. This was due to the hydrophilic property of L which it could 
create the pore and channel on the wax matrix which allowed higher content of 
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dissolution medium penetrated into them. The compressed tablet made from glyceryl 
behenate incorporated with PEG 6000, L 188 and lactose could promote faster release 
of sodium ferulate (Li et al., 2008). 
 
Influence of geometric shape on drug release profiles 
 Geometric factors play an important role in altering the drug dissolution rate. 
Drug release from surface eroding devices with various geometries was first analyzed 
by Hopfenberg in 1971 and a general mathematical equation was developed describing 
drug release from slabs, spheres and infinite cylinders (Karasulu and Ertan, 2002). The 
different geometric factors mean the difference of surface areas to contact with the 
dissolution medium. The theophylline release from different geometric shapes of matrix 
comprise different drug: polymer (HPMC E50) ratios as shown in Fig. 8. (Karasulu and 
Ertan, 2002). 
 

 
 
Fig 8 Theophylline release from different geometric shapes and different drug: 
polymer ratios (Karasulu and Ertan, 2002)  
 
The difference of drug release was owing to the difference of drug release surface area 
as shown in Fig. 9. The erosion of each geometric shape of tablet was not the same. 
The half sphere had the most surface area to contact with the dissolution medium thus 
it could rapidly erode and promote the highest drug release followed by triangular and 
cylindrical, respectively.  
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Fig 9 The different erosions of different geometric matrix tablets at 0, 2, 4, 6 and 8 
hours as a, b, c, d and e, respectively  (Karasulu and Ertan, 2002) 
 
Influence of surface and geometric device on zero order drug release kinetic 
 Drug delivery with a zero-order rate provides uniform concentration of a drug for 
absorption, and it maintains therapeutic plasma concentration within a therapeutic 
window to minimize side effects and/or reduces the frequency of administration. The 
purposed methods to obtain the zero-order release from matrix devices including 
changing the matrix geometry, preparing polymer erosion-controlled devices, preparing 
polymer dissolution controlled systems, coupling layers characterized by specific release 
properties, or coating one or both of the faces of the matrix tablets with an impermeable 
membrane (Gohel and Panchel, 2001). The zero order drug release was obtained by 
many geometric shapes such as pei shape tablet which was designed to control the 
water soluble drug by balancing between surface area and diffusion pathway. The 
increasing of diffusion path length from polymer swelling is compensated by the 
increase of surface area as shown in Fig. 10a. This principle was also used to design 
the cone shape tablet, biconcave tablet (Benkorah, 1996) and hemisphere tablet 
(Siegel, 2000) as shown in Fig. 10b, Fig. 10c and Fig. 10d, respectively. The controlled 
surface erosion was also another technique to provide the zero order release kinetic 
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(Danckwert and Watt, 1995). The core in cup was based on the surface erosion control 
which drug was loaded in core and coat by insoluble polymer as cup (Fig. 10e). The 
water insoluble drug could release with zero order kinetic by the erosion which occurred 
only on the upper part of core tablet. This principle was also used for donut shape 
tablet (Kim, 1999). as shown in Fig. 10f. 

                        
 
 

    
 
   
Fig 10  Geometric shapes of tablet which promote zero order release kinetic; pie shape 
(a), cone shape (b), biconcave (c), hemi-sphere (d), core-in-cup (e) and donut or ring 
shape (f) (McMullen, 1989; Danckwerts and watt, 1995; Benkorah, 1996; Kim, 1999). 
 
Layered tablets with zero order drug release kinetic 
Layered tablets compose of two or three layers of granulation compressed together. 
They have appearance like a sandwich because the edges of each layer are exposed. 
This dosage form has the advantage of separating two incompatible substances with an 
inert barrier between them. The layered tablet was first prepared in 1917 (Gunsel and 
Dusel, 1989). From the benefit of layered tablet described above, it could also use to 
prepare the matrix tablet with zero order drug release (Kim, 2005). The triple layered 
donut shape tablet with top and bottom of the single layer donut tablets were prepared 
with hydrophobic polymer hence the drug release was limited to occur at beside and 
inside hole of the donut tablet which was the zero order release. The restricted surface 

a b c 

d e f 
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erosion by layering was also investigated for various layered matrix tablets (Efentakis 
and Politis, 2006) as shown in Fig. 11 compared to a conventional tablet as Fig. 11a. 
The restriction of surface area erosion could promote the zero order release kinetic. 
However, the effect of polymer swelling could alter the drug release behavior from the 
swollen matrix which was the increased diffusion path way. Thus the drug release might 
follow Higuchi’s or first order model depending on drug properties.  The three layered 
matrix tablet comprising chitosan and xanthan gum loaded with Pro could sustain the 
drug release with zero order kinetic which increasing of the polymer layer could promote 
more sustained drug release (Phaechamud et al., 2008). 

 

 
 
Fig 11 Various layered tablets with the different restricted surface area erosion 
(Efentakis and Politis, 2006) 
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Derivative ultraviolet spectroscopy 
Typically, pharmaceutical dosage form containing two or more type of drugs and/or 
other compounds is difficult to determine the amount of each compound. UV-
spectrophotoscopy cannot pose appropriately to separate the overlapped spectra of 
drug and/or compound therefore it is not possible to determine the drugs content 
without interference of other compounds hence derivative UV-spectrophotoscopy should 
be applied. Derivative  UV-spectrophotoscopy is one in variety way to determine drug 
content with interference of other compound (Ojeda and Rojas, 2004; Sripong et al., 
2009) However, noise-to-signal ratio also increases when the order of derivative 
increased compared with the original spectrum (Yeow et al., 2005). Hence the first 
order derivative UV-spectrophotoscopy is more appropriate technique because it 
exhibits less noise-to-signal ratio compared with higher derivative. 
 
 From the reviewed literatures, the wax matrix tablet is an interesting approach to 
control the drug release however, from its hydrophobicity, the drug might be released 
too low. Therefore, the hydrophilic polymer is incorporated into that wax matrix to tune 
up the too slowly released from wax matrix. However, the drug release might not 
release by zero order kinetic which is the desire drug release kinetic of pharmaceutical 
dosage form. Geometric shapes and surface area pay more important role to that 
release. Many researches have reported the zero order release kinetic obtained from 
the restriction of drug release surface area.  Therefore, the attempt of this experiment is 
to tune up the drug release from S matrix prepared by melting and molding technique 
with an addition of L and adjust the drug release of these tablets to zero order release 
kinetic by the restriction of drug release surface area. 
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CHAPTER III 
METHODS OF STUDY 

 
1. Materials 

1.1  Model drugs  
HCT (Batch No I 1413891, Supplied by Government of Pharmaceutical 

Organization, Thailand) 
Pro (lot no M080311, PC Drug Co., Ltd., Bangkok, Thailand) 

 
1.2  Matrix bases   
 L (lot no WPDF563B, BASF, Ludwigshafen, Germany) 

S (Ake shellac Co.,Ltd., Lumpang, Thailand) 
 
1.3 Other materials 

Ethylene glycol (lot no.1341646, POCH SA, Sowinskiego, Poland) 
Formamide (lot no. 0808223, Ajax Finechem Pty Ltd, Auckland, New Zealand) 

  Hydrochloric acid (lot no. 4l198154L, Carlo Erba, Strada, Italy) 
Potassium bromide (lot no. 0697357, Fisher Scientific, loughborough, United 

Kingdom) 
Potassium Chloride (lot no. AF501338, Ajax Finechem, New South Wales, 

Australia) 
Potassium dihydrogen orthophosphate (lot no. AF501339, Ajax Finechem, New 

South Wales, Australia) 
Sodium Hydroxide (lot no. 0307157A, PC Drug., Co., Ltd., Bangkok, Thailand) 

   
1.4 Equipment 

Analytical balance  (Sartorius model BP2100S and Sartorius model CP224S, 
Göttingen, Germany) 

Combination tester (TBH 325 TD, Basel, Switzerland)  
 Differential scanning calorimetry (DSC 6200, Chiba, Japan) 
 Dissolution apparatus (RC-6 , Beijing, China)  
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 Goniometer (FTA 100, Virginia, USA) 
 Fourier transform - Infared spectroscopy (Nicolet 4700, Madison, USA) 

Hot stage microscopy (stage from Mettler Toledo, Bangkok, Thailand and 
microscopy from Olympus, Bangkok, Thailand) 

Hydraulic press (Carver model 4350L, Indiana, USA) 
Laser scattering analyzer (LA-950, Horiba, Japan) 
pH meter (Professional Meter PP-15 Sartorius, Goettingen, Germany) 
Powder X-ray diffractometer (MiniFlex II, Tokyo, Japan) 
Thermo gravimetric analyzer (TG/DTA 6200, Chiba, Japan) 
UV-vis spectrophotometer (Agilent 8453E, Santa clara, USA) 

   
2. Methods 
2.1. Preparation of matrix tablet  
 2.1.1 Preparation of single layer tablet incorporated with sole drug by molding 
technique 
 Matrix tablets were prepared in different ratios of L and S at 0:10, 2:8, 3:7, 5:5, 
7:3, 8:2 and 10:0 of L and S, respectively. L and S were accurately weighed after 
deducted displacement value (D.V.) of each drug. The bases were melted by the order 
of melting point. The melting temperature was about 160 °C in order to obtain the soft 
and pourable of the molten mixture. Propranolol hydrochloride (Pro) and 
Hydrochlorothiazide (HCT) were used as hydrophilic and hydrophobic model drug, 
respectively. The 25 mg of Pro or HCT was then incorporated into the molten mixtures 
and kept stirring until the drug and molten bases were completely mixed. The drug 
loaded molten base was poured into 16 mm diameter stainless steel mold and kept at 
room temperature until the matrix tablet was solidified. The obtained single layer tablets 
were withdrawn from the mold and were kept in the desiccator.  
 
  D.V. calculation 
 D.V. of each drug was calculated by using equation as described by Mollel 
(2006) as following  
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D.V. =  XB         (13) 
 100(A-B) + XB 
where 
 D.V. = the displacement value 
 X   = the percent of a drug used 
 B   = the drug loaded base weight containing X% of a drug 
  A   = the empty base weight without drug 
 
Empty base weight (A) was investigated by melting and molding matrix base into tablets 
using 16 mm stainless steel mold, solidifying at room temperature, and weighted (n=6). 
Drug loaded base weight (B) was then observed by weighing the matrix base which 
was equivalent to ten tablets of empty base weight. The mixtures were melted then 100 
mg of model drug was incorporated into the melted mixture.  The drug loaded melted 
mixture were molded into 16 mm. stainless steel mold and solidified at room 
temperature. The drug loaded tablets were weighted (n=6). The % drug loaded (X) were 
calculated as % weight by weight of the drug against empty base weight and applied in 
the above equation. This calculation method was used to determine the D.V. of both 
model drugs in matrix bases which were 0:10, 2:8, 3:7, 5:5, 7:3, 8:2 and 10:0 L:S, 
respectively. The D.V. of each drug in each matrix base ratio are exhibited in Appendix 
1 (Table 35). 
 2.1.2  Preparation of single layer tablet incorporated with the combine drug by 
molding technique 
 Matrix tablets were prepared in different ratios of L and S at 3:7, 5:5, 7:3 and 
10:0. L and S were accurately weighted after deducted the D.V. of both drugs (Pro and 
HCT). These two bases were melted by the order of melting point. The melting 
temperature was about 160 °C in order to obtain the soft and pourable of the molten 
mixture. The 25 mg each of both drugs were combined and then incorporated into the 
molten mixtures and kept stirring until the drugs and molten bases were completely 
mixed. The drugs loaded molten base was poured into 16 mm. diameter stainless steel 
mold and kept at room temperature until the matrix tablet was solidified. The single 
layer tablets containing combined drug were withdrawn from the mold and were kept in 
desiccator. 
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 2.1.3 Preparation of double layer tablets incorporated with the combined drug 
by molding technique 
 One of the ratios between L:S which were used in single layer tablet was 
chosen to prepare the double layer tablet. The selected ratio was considered from the 
dissolution profile that the system could sustain the drug release in appropriate content 
or the release profile exhibited an interesting result. Moreover, the ease for preparation 
process of the tablet from each ratio was also considered. The tablet fabricated from 
selected ratio could have lower weight deviation and it removed easily from the mold. 
The selected ratio was used as the main base ratio and it was used to prepare the 
double layer tablet. The control bases were L and S. The schematic configuration for 
obtained double layer tablet is shown in Fig. 12 and the total formula and their 
compositions are shown in Table. 7. 
 
 
 
 
 
Fig 12 Top view of inside layer (8 and 12 mm, respectively) and outside layer (16 mm)  
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Table 7 Formulation and composition of each layer for double layer tablet 
 

Inside/outside 
Mold diameter Drug loading Formula 

8 mm./ 16 mm. and 12 mm. /16 mm. Inside 

L/L 
L/S 

L/7:3 
7:3/L 
7:3/S 

7:3/7:3 

8 mm./ 16 mm. Outside 

L/L 
S/L 

7:3/L 
L/7:3 
S/7:3 

7:3/7:3 
 
The inside tablet was fabricated by firstly melting and molding the selected component 
in the 8 or 12 mm diameter stainless steel mold with the method as described in the 
preparation of single layer tablet. The combined drug was used in this study. Both drugs 
were incorporated into the molten base. L and the selected base were only the two 
bases used to prepare the inside layer tablet. S was excluded from the study due to 
their hydrophobic property which did not allowed the drug releasing passed through 
them. However, it was still used as control base because of its good barrier property.  
 After obtaining the inside tablet, the two layer tablet could be produced 
subsequently. The inside layer tablets were carefully placed at the center of 16 mm. 
diameter size stainless steel mold thereafter the outside layer material which were S, L 
or the selected base, was individually melted at temperature about 160 °C. The molten 
compound was poured around the inside tablet. Two layer tablets were solidified at 
room temperature and kept in desiccator. Additionally, Drug loaded at outside layer was 
also performed. The 8 mm tablets were used as inside layer tablet. The inside layer 
tablets were carefully placed in the center of 16 mm. diameter size stainless steel mold 
after that the molten base which was incorporated with both model drugs were poured 
around the inside tablet. The tablets were solidified at room temperature and kept in 
desiccator before evaluations.  
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2.2 Evaluation of single layer matrix tablets 
  2.2.1 Weight variation 
 Weight variations of tablets prepared from different bases were determined by 
analytical balance. Each tablet was individually weighted. Average weight and standard 
deviation were calculated (n=20). 
  2.2.2 Hardness, thickness and diameter  
 Ten tablets were observed for their hardness, thickness and diameter using 
hardness tester which simultaneously determined the thickness and diameter. Average 
and standard deviation of hardness, thickness and diameter were presented (n=10). 
 2.2.3 Determination of particle size and size distribution 
 Formulations containing both L and S were possible to be a self-emulsification 
tablet according to the surface active property of L and the wax or lipid component of S. 
The self-emulsification tablet is the tablet which could form emulsion using the body 
fluid and a little vigorous from the gastrointestinal motility. Normally, it contains only two 
main components, the surface active agent and lipid or wax component (Dhirendra et 
al., 2009). According to the reason described above the 3:7, 5:5 and 7:3 L:S ratios were 
determined the particle size and particle size distribution to observe the size of particle 
in the dissolution medium which might be the emulsion system.  
After investigated the drug release for 8 hrs, the dissolution medium of 3:7, 5:5 and 7:3 
were triplicately sampled into the test tube (n=3) in order to investigate the particle size 
and size distribution using laser scattering particle analyzer. The O/W emulsion mode 
was selected. The samples were investigated under circulation speed No. 3 and 
agitation speed No. 1. The particle size and size distribution were collected.  
 2.2.4 Study of water uptake and erosion 
 In order to evaluate the water uptake and erosion of each tablet, the tablets 
were individually weighed before dissolution testing as original dry weight. After 
dissolution testing, each tablet was blotted to remove excess water and immediately 
weighed on analytical balance as wet weight and then all of them had been kept in 
desiccator for at least 3 days and individually weighed as remaining dry weight. Water 
uptake and erosion were evaluated gravimetrically according to the following equations 
(n=3). 
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% Water uptake =  100 (wet weight – remaining dry weight)           (14) 
     remaining dry weight  
 
% Erosion   =  100 (remaining dry weight – original dry weight) (15) 
  original dry weight  
 
 2.2.5  Determination of contact angle and surface free energy  
 Contact angle could describe the wettability of any compound in the 
formulation. Moreover, it was used to calculate the surface free energy (SFE) of those 
compounds. SFE could be used to describe many properties of compounds such as 
polarity or the miscibility of mixed component (Chen and Hong, 2002). In this 
experiment, SFE was calculated using Wu’s equation, expressed below.  
 

           
    

   
  

  
    

  
    

 
  
 
 

  
 
   

    (16) 

 
     is contact angle of a solvent;    is the surface free energy of compound 1, 

respectively;   
  and   

  is dispersion and polar component of compound 1 or 2, 
respectively. 
  
 The contact angle and SEF were determined triplicately (n=3) by goniometer using 
three solvent including distilled water, ethylene glycol and formamide. The 0:10, 3:7, 
5:5, 7:3 and 10:0 L:S matrix tablet were carefully placed on the equipment. Each of 
solvent was dropped slowly onto the smooth surface of matrix tablets with collecting 
time for 10 s. The contact angles at 10 s of each solvent were collected and calculated 
the SFE using Wu’s equation in the equipment program. The SFE was calculated by 
the contact angle from two solvent. In this experiment, the contact angle of two solvent 
was paired and calculated the SFE. The SFE from each paired solvent were then 
averaged and reported  
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2.3 Evaluations of double layer matrix tablet 
 Double layer tablets were also evaluated with the methods as described in 2.2 
except for 2.2.3, 2.2.4, 2.2.5. The double layer matrix tablets were prepared from a 
base selected from single layered which had already been characterized in single layer 
tablet therefore 2.2.3 and 2.2.5 were not evaluated. The double layer tablet could not be 
determined the %swelling and % erosion because those matrix tablets were prepared 
from different base types as  inner and outer layers which the non-drug loaded layer 
might disturb the result obtained from drug loaded layer. Therefore, double layer tablets 
were not studied their swelling behavior of the tablets.  
 
2.4 Drug release study 
 2.4.1 Study of drug release from sole drug formulation 
 Dissolution of Pro or HCT was studied using dissolution apparatus I (basket 
apparatus) under 100 rpm of rotational speed in 900 mL distilled water which was used 
as dissolution medium. The medium was maintained at 37 °C through the study. The 5 
ml of samples were sampled at specific time interval by 5, 15, 30, 45 min 1, 1.5, 2, 2.5, 
3, 3.5, 4, 5, 6, 7 and 8 hrs, respectively. The volume of sample solution removed was 
replaced with an equal volume of fresh dissolution fluid. The samples were analyzed by 
UV spectroscopy in order to measured amount of drug release. The samples were 
examined at 289 and 271 nm for Pro and HCT, respectively. The cumulative drug 
release of Pro or HCT were calculated and plotted against time.  
 
  Calibration curve of Pro in distilled water 
  Stock solution of Pro was prepared by accurately weighing 100 mg of 
Pro then dissolved and adjusted the volume in 100 mL volumetric flask with distilled 
water. The 120, 180, 240, 300 and 360 µL stock solution were pipetted into 10 mL 
volumetric flask then each of the volumetric flasks were adjusted their volume by 
distilled water. The graph between concentration and absorbance was plotted using UV-
spectroscopy at 289 nm. Calibration curve of Pro in distilled water is shown in Appendix 
2 (Fig 43). 
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Calibration curve of HCT in distilled water  

 Stock solution of HCT was prepared by accurately weighed 100 mg of 
hydrochlorothiazide then dissolved in 50 mL methanol and adjusted the volume in 100 
mL volumetric flask with distilled water. The 36, 57, 78, 99 and 120 µL stock solution 
were pipetted into 10 mL volumetric flask then each of the volumetric flasks were 
adjusted their volume by distilled water. The graph between concentration and 
absorbance was plotted using UV-spectroscopy at 271 nm. Calibration curve of HCT in 
distilled water was exhibited in Appendix 2 (Fig 44). 
 
 2.4.2 Study of drug release from combined drug formulations 
 Physical properties and dissolution of combined Pro and HCT matrix tablets 
were studied with the method as previously described. However, the conducted amount 
of drug release was determined using first derivative UV-spectroscopy technique. Drug 
release amount was determined at 297 nm and 336 nm for Pro and HCT, respectively. 
The cumulative drug release of Pro and HCT were calculated and plotted against time.    
   
 Calibration curve of Pro and HCT combined formulation in distilled water 
 Stock solution of Pro and HCT combined system was prepared by accurately 
weighing 100 mg of both drug then dissolved in 50 mL methanol and adjusted the 
volume in 100 mL volumetric flask with distilled water. In case of Pro, the 15, 30, 45, 60 
and 75 µL stock solution were pipetted into 10 mL volumetric flasks. In case of HCT, 
the 36, 72, 108, 144, 180 µL stock solution were pipetted into the other 10 mL 
volumetric flasks. All of them were adjusted their volume by distilled water. The graphs 
of concentration against absorbance obtained from first derivative UV-spectroscopy at 
297 nm and 336 nm for Pro and HCT, respectively.  Calibration curves of the combined 
system in distilled water are shown in Appendix 2 (Fig 45 and Fig 46). 
 

Method validation of simultaneous determination of Pro and HCT 
combined system via first derivative UV-spectrophotometry  
   Linearity range, accuracy, precision, lower limit of detection (LOD) and 
lower limit of quantification (LOQ) were determined in order to validate this developed 
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analytical method. The linearity of calibration curve of each drug which obtained from 
first derivative UV-spectrophotometry was evaluated by least square regression method 
(n=3), Accuracy was determined by standard addition method which three different 
levels of combined drug, 22.22, 27.77 and 33.33 µg/ml of each drug (80, 100 and 120% 
of the sample) were separately added into the sample triplicately. Precision was 
determined as reproducibility and repeatability for inter and intraday precision, 
respectively. For intraday precision, the mixture was prepared and measured at the 80, 
100 and 120 % of the sample. The experiment was repeated triplicately. Inter day 
precision was determined as same as the method described above for intraday 
triplicately in different three days. LOD and LOQ were determined using linear 
regression method using equation below. The accuracy and precision are shown in 
Appendix 3 (Table. 36 and Table 37). 
 

LOD = 3.3[SD] / S      (17) 
LOQ = 10[SD] / S      (18) 

 
SD is standard deviation of the response and S is the slope from the calibration curve.  
 2.4.3 Study of drug release from double layer matrix tablet drug  
formulations 
 According to combined drug loaded in double layer matrix tablet. The 
drug release study for double layer matrix tablet were as same as the drug release 
study of combine drug formulation as previously described in 2.2.2  
 2.4.4 Study the effect of pH on drug release  
 Due to the pH variation might influence the drug release profile. To study 
the effect of pH on drug release, hydrochloride buffer solution pH 1.2 (HBS) and 
phosphate buffer solution pH 7.4 (PBS) were used as dissolution medium instead of 
distilled water. The dissolution study was performed with the method as described in 
2.3.4. The formula which could sustain drug release at the appropriate release with 
constant release rate was selected to study the effect of pH on the drug release.  
 Both dissolution mediums, HBS and PBS were prepared by the method 
described in USP 31 NF 26 (The United States Pharmacopeial Convention, 2008). The 
HBS was prepared by dissolved 3.7275 g of potassium chloride in 1000 mL volumetric 
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flask then adding 425 mL of 0.2 M hydrochloric acid and adjusted the volume by 
distilled water.   
 The PBS was prepared by place the 200 mL of monobasic potassium 
phosphate solution in 1000 mL volumetric flask then added 195.5 mL of the 0.2 M 
sodium hydroxide and adjusted the volume by distilled water.  
 
 Calibration curve of Pro and HCT combined formulation in HBS 
 Stock solution of Pro and HCT combined system was prepared by accurately 
weighing 100 mg of both drug then dissolved in 50 mL methanol and adjusted the 
volume in 100 mL volumetric flask with HBS. In case of Pro, the 15, 30, 45, 60 and 75 
µL stock solution were pipetted into 10 mL volumetric flasks. In case of HCT, the 36, 
72, 108, 144, 180 µL stock solutions were pipetted into the other 10 mL volumetric 
flasks. All of them were adjusted their volume by HBS. The graphs of concentration 
against absorbance obtained from first derivative UV-spectrophotometry at 325 nm and 
344 nm for Pro and HCT, respectively.  Calibration curve of the combined system in 
HBS is shown in Appendix 2 (Fig 47 and Fig 48). 
 

Calibration curve of Pro and HCT combined formulation in PBS 
 Stock solution of Pro and HCT combined system was prepared by accurately 
weighing 100 mg of both drug then dissolved in 50 mL methanol and adjusted the 
volume in 100 mL volumetric flask with PBS. In case of Pro, the 15, 30, 45, 60 and 75 
µL stock solution were pipetted into 10 mL volumetric flasks. In case of HCT, the 36, 
72, 108, 144, 180 µL stock solutions were pipetted into the other 10 mL volumetric 
flasks. All of them were adjusted their volume by PBS. The graphs of concentration 
against absorbance obtained from first derivative UV-spectrophotometry at 325 nm and 
345 nm for Pro and HCT, respectively.  Calibration curve of the combined system in 
PBS is shown in Appendix 2 (Fig 49 and 50). 
 
2.5 Data evaluation of dissolution profiles 
 Mechanisms of drug release were evaluated by fitting of cumulative drug release 
data with mathematical release models. The models used in this experiment were zero 
order, first order, Higuchi’s model, power law expression and Hixson-Crowell cube root 
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equation. The experimental cumulative drug release data within the range of 10-80 % 
were used to evaluate the kinetic of drug release by least square fitting method. The 
data were fitted with the mathematical equations by nonlinear computer programme, 
Scientist for Windows, version 2.1 (MicroMath Scientific Software, Salt Lake City, UT, 
USA). The coefficient of determination (r2) was used to indicate the degree of curve 
fitting. Goodness-of-fit was also evaluated using the Model Selection Criterion (msc) 
(MicroMath Scientist Handbook, 1995) as described previously in chapter II eq. 12. 
Model files used in this study are shown in Table. 8. The parameters of each model in 
the software containing T, F, K, Tl and N. The T expressed as time in minute of drug 
release, F was fractional drug release, K was the constant of each model, Tl was lag 
time of drug release and N was the n exponent value of power law model. These 
parameters are shown in Table. 8. 

Statistic data analysis for the experimental measurements were collected in 
triplicate, the values were expressed as mean ± standard deviation (SD). Statistical 
significance of the Hardness, contact angle, surface free energy, particle size and size 
distribution were examined using one-way analysis of variance (ANOVA). The 
significance level was set at p < 0.05. The analysis was performed using SPSS for 
windows. 
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Table 8 Model files used with ScientistTM  
 
// MicroMath Scientist Model File (ZERO ORDER) 
IndVars: T 
DepVars: F 
Params: K,Tl 
F=K*(T-Tl) 
*** 
// MicroMath Scientist Model File (FIRST ORDER) 
IndVars: T 
DepVars: F 
Params: K,Tl 
F=1-EXP(-K*(T-Tl)) 
*** 
// MicroMath Scientist Model File (HIGUCHI) 
IndVars: T 
DepVars: F  
Params: K,Tl 
F=K*((T-Tl)^(1/2)) 
*** 
// MicroMath Scientist Model File (POWER LAW EXPRESSION) 
IndVars: T 
DepVars: F 
Params: K,TI,N 
F=K*((T-TI)^N) 
*** 
// MicroMath Scientist Model File (HIXSON AND CROWELL CUBE ROOT) 
IndVars: T 
DepVars: F 
Params: K,Tl 
1-((1-F)^(1/3))=K*(T-Tl) 
*** 
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2.6 Physico-chemical characterization 
 2.6.1 Thermogravimetric analysis (TGA) 
 Thermal degradation of each compound in formulation could be one of major 
problems. Theoretically, thermogravimetric analysis has been performed to reveal the 
degradation temperature of each compound in formulation. Shellac wax, poloxamer 407, 
HCT and Pro were analyzed with TGA. The mixing of S and L at the ratio of 5:5 was 
also performed. The 5 mg of each compound was approximately weighted. The sample 
was placed in non-hermitically aluminium pan. The pan was then sealed and placed in 
TGA. Heating rate was 10°C/min. The heating range was 30 – 400°C under 200 mL/min 
of nitrogen gas flow.  
 2.6.2 Differential scanning calorimetry (DSC) 
 Thermal behavior under heating condition of each compound was characterized in 
order to investigate the interaction between each compound in the formulation and to 
observe the crystal properties of the compounds. The samples were investigated with 
this thermal analysis using DSC in this experiment including pure compound of model 
drugs and bases and mixed bases. Drug loaded matrices which were prepared by 
physical mixture and melting method were also tested. All samples were approximately 
weighted at about 5 mg then they were placed in non-hermitically aluminium pan. The 
pan was then sealed and placed in DSC chamber. The samples were investigated 
under 10°C/min of heating rate and the heating range was 30-350°C under 40 mL/min 
of nitrogen gas flow. 
 Sample preparation 
 Pure compounds including the model drugs and matrix bases were 
directly investigated for the DSC thermogram. For mixed base, S and L were accurately 
weighed with the amount as same as with the ratio of 5:5 L:S. Each compound was 
mixed together by mortar and pestle before DSC investigation.  
 Physical mixture of drug-base was performed by mixing 10, 20, 30, 40 
and 50% w/w of a model drug into the three bases which were L, S and the mixed 
base, respectively. The total weights of all samples were 1 g. A model drug and a base 
were accurately weighted to obtain the samples containing 10, 20, 30, 40 and 50% w/w 
model drug in a base. A model drug and a base were mixed together by mortar and 
pestle. In case of the mixed base, S and L were firstly mixed to obtain the mixed base 
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at the ratio of 5:5 then the 10, 20, 30, 40 and 50% w/w of a model drug was 
subsequently and gradually  mixed by mortar and pestle, respectively. 
 For molten sample, each base was firstly melted according to the order 
of melting point following with the incorporation of 10, 20, 30, 40 and 50% w/w of model 
drug. In case of the mixed base, S was firstly melted then the same amount of L was 
melted afterward. The 10, 20, 30, 40 and 50% w/w of model drug was finally added into 
the melted base. The molten mixture was mixed vigorously using stirring rod. The 
samples were solidified at room temperature and kept in desiccator before evaluation. 
The physical mixture and melted sample were characterized with the methods and 
conditions as described previously for the pure compounds characterization. 
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Table 9 Samples for DSC and PXRD analysis 
 

Pure compound Physical mixture 
(L:S) 

Melted sample 
(L:S) 

HCT 10%b drugc in 10:0 10%  drug in 10:0 

Pro 20% drug in 10:0 20%  drug in 10:0 

L (L:S = 10:0) 30% drug in 10:0 30%  drug in 10:0 

S (L:S = 0:10) 40% drug in 10:0 40%  drug in 10:0 

L:S = 5:5a 50% drug in 10:0 50%  drug in 10:0 

 10% drug in 5:5 10%  drug in 5:5 

 20%  drug in 5:5 20%  drug in 5:5 

 30%  drug in 5:5 30%  drug in 5:5 

 40%  drug in 5:5 40%  drug in 5:5 

 50%  drug in 5:5 50%  drug in 5:5 

 10%  drug in 0:10 10%  drug in 0:10 

 20%  drug in 0:10 20%  drug in 0:10 

 30%  drug in 0:10 30%  drug in 0:10 

 40%  drug in 0:10 40%  drug in 0:10 

 50%  drug in 0:10 50%  drug in 0:10 

a: mixture of L and S at the ratio of 5:5 
b: percent w/w of drug 
c: the model drug including Pro and HCT which were separately mixed into the bases.  
 
 2.6.3 Powder X-ray diffractometry (PXRD) 
 Crystal properties of each compound were observed by PXRD. The 
samples which were used to identify the X-ray diffractogram were the same samples 
used in the DSC characterization. The samples were grinded into fine particle by mortar 
and pestle and loaded into PXRD disc. All samples were scanned in the range of 0 to 
30 °2θ. 
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 2.6.4 Hot stage microscopy (HSM) 
 Hot stage microscopy was applied to observe the thermal behavior of materials 
under heating condition through microscopy. Pure compounds including L, S, Pro and 
HCT were studied about the melting property under heating condition. All of them were 
heated at 10°C/min. The heating range was depended on the melting behavior of each 
compound which obtained from the DSC. Each sample was heated at 20°C above their 
melting temperatures. The pictures of the compound were photographed at any point of 
temperatures including the temperature below the melting point, at the melting point and 
above the melting point, respectively.  
 Morphology and crystallinity changes of each compound were also observed. 
Physical mixtures of the model drugs with L, S and selected base were also conducted 
with this technique. The 10% w/w of model drugs were mixed into a base by mortar and 
pestle. The physical mixtures of selected base were also examined. S and L were 
mixed together by mortar and pestle to produce the physical mixture of selected base. 
The heating range was the temperature used to produce the matrix tablet which was 30 
to 180°C. The heating rate was 10°C/min. The melted samples were also investigated. 
The picture of each sample was photographed at any point of temperature including 
room temperature (30°C), the temperature at maximum preparation temperature 
(180°C) and the temperature after cooled down until 30°C obtained.  
 
Table 10 Samples for HSM and FT-IR analysis 
 

Pure compound Physical mixture Melted sample 

HCT 10%a drugb in S 10% drug in S 

Pro 10% drug in selected base 10% drug in selected base 

S 10% drug in L 10% drug in L 

L selected base selected base 
a: percent w/w of drug  
b: the model drug including Pro and HCT which was separately mixed into the bases.  
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2.6.5  Fourier transform-Infrared spectroscopy (FT-IR) 
 Interaction of each compound was clarified by FT-IR. The small amount of 
samples were blended with potassium bromide (AR grade for IR) and plunged with 
plunger and die to make a pellet using hydraulic press at compression force of 4 tons. 
The sample pellet was mounted in IR chamber. The % FT-IR transmittance of the 
sample was recorded. The tested samples used in this study were as same as with 
HSM characterization.  
   
2.7 Study of drug degradation from tablet preparation and drug release study 
condition 
 In order to study drug degradation, thermal study like TGA should be evaluated. 
However, to confirm the drug degradation under the prepare condition, about 5.2 mg of 
L and 100 mg of each model drug, equivalent to 4 tablets weight, were accurately 
weighed. L was melted then the model drugs were incorporated into the molten of L in 
500 ml beaker. The mixture was mixed vigorously using the stirring rod. All preparation 
conditions were the same as preparation method described in 2.2 except for the D.V. 
calculation. After the mixture was mixed well they were kept at room temperature until 
solidified then 450 ml of distilled water were added. The beaker was placed into the 
dissolution pool and stirred by paddle apparatus at 100 rpm of rotation speed under 
temperature 37 ºC for 8 hrs. The medium was sampled then measured the 
concentration by first derivative UV-spectrophotometry as same as described in 2.4.2. 
Theoretical concentration should be 0.2222 mg/ml. The sampled concentration was 
compared with those of theoretical concentration.  
 
2.8 Comparison study of compression tablet and molded tablet  
 The compression tablets were prepared and evaluated compared with the 
molded tablet. Drug release study, contact angle and SFE were evaluated to describe 
the difference of these two type tablets. 
 2.8.1 Preparation of compression tablet 
 The tablet was prepared by compression molding. The 25 mg of each model drug 
and the 0:10, 3:7, 5:5, 7:3 and 10:0 L:S of matrix bases were accurately weighed and 
mixed by geometric dilution using mortar and pestle. The mixtures were poured into the 



49 
 

 

mold and compressed by hydraulic pressure at compression force of 3 tons. The 
thickness and tablet diameter were kept constant at 6.58 and 12.7 mm. respectively, 
with respect to the size of combined formulation.     
 2.8.2 Drug release study 
 The drug release study was conducted with the method as described in 2.4.2 
 2.8.3 Determination of contact angle and surface free energy 
 The method of determination was as same as previously described in 2.2.5 
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CHAPTER IV 
RESULTS 

 
1. Physical properties of single and double layered tablet 

1.1. Physical properties of single layered matrix tablet containing L:S at different 
ratios 

The physical properties of single layered matrix tablet prepared from various ratios 
of L:S loaded with Pro, HCT and combined drug are shown in Table. 11, 12 and 13, 
respectively. Tablet weight increased as the content of L increased. The weight 
variation of tablets containing the same ratio of L:S but different type of drug loading 
was not different. The hardness tended to increase as the content of L was increased. 
However, the hardness of tablet containing 10:0 L:S was deducted. Because of the 
higher drug loading, the hardness of combined drug loaded formula was rather higher 
than that of sole drug loaded formulation. Hardness of HCT, Pro and combined drug 
tablets comprising the same matrix base ratio was in the range of 149.0 ± 19.65 N to 
216.7 ± 22.88 N, 141.5 ± 11.32 N to 198.0 ± 11.19 N and 186.1 ± 14.49 N to 309.7 ± 
35.49 N, respectively. Owing to the limit of mold size, the thickness and diameter of 
obtained tablets for each of them were similar.  

The obtained hardness data was analyzed by one-way ANOVA. This statistical 
results reported the trend as same as previously described. The hardness of Pro loaded 
in 2:8 and 3:7 L:S tablets was not statistical different significantly (p>0.05). The less 
hardness of these two tablets was significantly different compared with the other 
formula. The hardness of Pro tablet comprising 5:5 L:S presented no statistical 
difference with 0:10 and 10:0 L:S but it was different from the other tablets significantly 
(p < 0.05). Increasing L content promoted the higher hardness. The hardness of Pro 
loaded in 7:3 L:S tablet was not significantly different compared with Pro loaded in 8:2 
and 10:0 L:S tablets. These tablets showed the high hardness which the statistical data 
indicated the hardness was different from the other formula which had lower value (p < 
0.05). Similar results were obtained in HCT loaded in different base ratios. Hardness of 
0:10 L:S tablet loaded with HCT was different compared with the other tablets (p < 
0.05) but the hardness obtained from HCT loaded in 2:8, 3:7 and 5:5 L:S were not 
different. The high L content tablet loaded with HCT did not show the difference of 
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hardness in HCT loaded in 7:3, 8:2 and 10:0 L:S but its  hardness was different from 
those of the lower L loaded tablets statistically (p < 0.05). The statistical analysis data 
of tablet hardness for sole drug loaded formula are shown in Appendix. VI. (Table. 
45A). For combine formula, the highest hardness obtained from 7:3 L:S was 
significantly different with the other tablets (p < 0.05). The hardness from 3:7 L:S tablet 
was not different from the hardness of 5:5 and 10:0 L:S tablets whereas the hardness 
of 5:5 and 10:0 L:S tablets was significantly different (p < 0.05). The statistical analysis 
data of hardness in combined drug loaded formula are shown in Appendix. VI. (Table. 
45B) 

 
Table 11 Physical properties of Pro single layered matrix tablets containing various 

ratios of L:S 
 

Ratio of L:S Weight ± SD 
(mg) 

Thickness ± 
SD (mm) 

Hardness ± SD 
(Newton; N) 

Diameter ± SD 
(mm) 

0:10 1002.1 ± 10.6 6.49 ± 0.03 159.60 ± 19.46 14.67 ± 0.08 
2:8 1075.8 ± 22.5 6.48 ± 0.10 142.20 ± 15.60 14.85 ± 0.14 
3:7 1077.2 ± 17.9 6.47 ± 0.06 141.50 ± 11.32 14.77 ± 0.10 
5:5 1143.5 ± 5.8 6.49 ± 0.02 174.80 ± 14.62 14.77 ± 0.12 
7:3 1192.4 ± 8.3 6.57 ± 0.03 193.40 ± 21.08 14.85 ± 0.04 
8:2 1198.3 ± 6.5 6.48 ± 0.05 198.00 ± 11.19 14.80 ± 0.05 
10:0 1287.9 ± 9.4 6.60 ± 0.03 189.60 ± 12.62 14.90 ± 0.05 

 
Table 12 Physical properties of HCT single layered matrix tablets containing 

various ratios of L:S 
 

Ratio of L:S Weight ± SD 
(mg) 

Thickness ± 
SD (mm) 

Hardness ± SD 
(Newton; N) 

Diameter ± SD 
(mm) 

0:10 1002.2  ± 15.5 6.46 ± 0.05 149.00 ± 19.65 14.74  ± 0.06 
2:8 1085.2 ± 14.5 6.58 ± 0.06 178.10 ± 24.86 14.79 ± 0.04 
3:7 1138.7  ± 16.8 6.62 ± 0.05 176.70 ± 15.52 14.75  ± 0.02 
5:5 1156.9 ± 9.2 6.55 ± 0.03 176.30 ± 17.03 14.72  ± 0.06 
7:3 1204.9  ± 5.9 6.59 ± 0.04 203.50 ± 22.41 14.74  ± 0.04 
8:2 1218.7  ± 7.6 6.54 ± 0.02 216.70 ± 22.88 14.97  ± 0.22 
10:0 1298.4  ± 2.9 6.59 ± 0.04 196.90 ± 14.79 14.93  ± 0.06 
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Table 13 Physical properties of combined drug loaded single layered matrix 
tablets containing various ratios of L:S  

 

Ratio of L:S Weight ± SD 
(mg) 

Thickness ± 
SD (mm) 

Hardness ± SD 
(Newton; N) 

Diameter ± SD 
(mm) 

3:7 1098.2 ± 27.4 6.64 ± 0.04 200.50 ± 47.52 14.91 ± 0.04 
5:5 1162.2 ± 10.8 6.46 ± 0.05 186.10 ± 14.49 14.75 ± 0.05 
7:3 1197.3 ± 8.8 6.53 ± 0.04 309.70 ± 35.49 14.77 ± 0.09 
10:0 1317.2 ± 5.7 6.64 ± 0.04 218.10 ± 7.71 14.91 ± 0.04 
 

1.2. Physical properties of double layered matrix tablet containing L:S at 
different ratios 

The double layered tablet was prepared from different three matrix bases 
including L, S and the selected base. The selected base was chosen as criteria 
described in previous chapter. The 7:3 L:S (7:3) was chosen because it showed the 
interesting drug release and could sustain the drug release, which was discussed later. 
To prepare the double layered matrix tablet, the combined drug was loaded in L and 7:3 
because S could not allow the drug release. However, S showed a good barrier 
property against dissolution medium hence it was chosen to prepare a non-drug loaded 
layer and compared with L and 7:3. Both drugs were loaded outside or inside of the 
double layered tablets. For fabricating inside drug loaded tablet, the mold with diameter 
of 8 and 12 mm were used. In case of outside drug loaded tablet, only the tablet with 
diameter of 8 mm were chosen to use as the inside layer tablet. The components of 
double layer matrix tablets are shown in Chapter III, Table. 10.  

The physical properties of 8 and 12 mm inside drug loaded tablets are shown in 
Table. 14 and 15, respectively. The obtained data were compared between the tablet 
prepared with different bases used either inside or outside of the matrix tablets and the 
dimension of the inside layer either 8 or 12 mm The inside layer were made from L or 
7:3 L:S. These inside tablets were covered by outside layer which were L, S or 7:3 L:S. 
The difference for tablet weight was influenced by the type of matrix bases either inside 
or outside layer. For outside layer which contained the same inside layer matrix base 
such as L/L, L/S or L/7:3, the tablet weight which outside layer made from L was 
highest followed by 7:3 and lowest for S. This trend was similar for both 8 and 12 mm 
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inside layered tablets. The tablet weight was slightly different however it depended on 
whether L or 7:3 were used as inside matrix base. The tablet which the inside layer 
made from L exhibited a more tablet weight than that made from 7:3 L:S. This result 
was apparently evident when the inside layer was larger as seen for the 12 mm inside 
layered tablets. The 12 mm inside layered tablet showed greater tablet weight than the 
8 mm inside layered tablet. For thickness and diameter, each of them was not quite 
different due to the limit of mold diameter.  

 The hardness of tablet made from both 8 and 12 mm as inside layer seemed 
highest when 7:3 L:S was used as outside layer followed by S and lowest in L. The 
inside tablet also affected to the tablet hardness but it was clearly observed in 12 mm 
inside layered formulation. By comparison for the hardness of tablets which their inside 
tablets made from L and 7:3 L:S, the hardness was not quite different in the 8 mm 
inside tablets. In the other hand, the hardness was quite different in the 12 mm inside 
tablets. The inside layer made from 7:3 L:S showed higher hardness than that made 
from L. By comparison for the overall hardness between 8 and 12 mm inside layered 
formula, the hardness of tablets made from 12 mm as inside layer were higher than that 
of in 8 mm inside layered formulation as shown in Table.14 and 15. 

In case of outside drug loaded tablets, their physical properties are shown in 
Table. 16. The results were compared between the different bases used in outside and 
inside layered bases. The tablets weight made from L as outside layer were higher than 
that of 7:3. The tablet weight of different inside layers showed the same trend as 
observed in the outside layers. Tablet weights were highest when the inside layer was L 
followed by 7:3 and S, respectively. The thickness and diameter of each tablet was not 
quite different due to the limit diameter of mold. The hardness was varied which 
depended on the type of both outside and inside layer bases. The hardness of tablets 
made from 7:3 as outside layer was higher than that made from L. In case of inside 
layer, it was found that the type of inside layer bases also influenced the hardness. The 
tablet hardness which the insides tablet made from S and 7:3 was not quite different 
unlike L inside tablet which showed the lowest hardness.  

From the statistical analysis of double layered hardness, the hardness of 8 mm 
inside drug loaded matrix (IDM) from L/L, 7:3/S and 7:3/L tablets were not statistically 
different but that of the other formula was different significantly (p < 0.05). Therefore it 
might state that the hardness was highest when 7:3 L:S was used as outside followed 
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by S and lowest in L as above described. However, the effect of L and S as outside 
layer on tablet hardness was not found when 7:3 were used as inside layer as reported 
from statistical results. These mentioned statistical data of 8 mm IDM are shown in 
Appendix. VI (Table.46A). For 12 mm IDM, L/7:3 and L/S, the hardness of them was 
not different but that of the other formula was different significantly (p < 0.05). From the 
result, it could conclude that the effect of the outside layer of 7:3 L:S and S when inside 
layer was L did not result on their hardness (p < 0.05) as shown in Appendix. VI (Table. 
46B). The statistical analysis data from outside drug loaded matrix tablet (ODM)  
formula confirmed that the hardness was not different between the tablets made from 
7:3 and S as inside tablet as seen in the statistical analysis data for the pair of S/L - 
7:3/L and S/7:3 - 7:3/7:3 formula. There was no difference for hardness in groups as 
seen in Appendix. VI (Table. 46C)  
 
Table 14 The physical properties of 8 mm IDM of double layered matrix tablets 
 

inside/outside Weight ± SD 
(mg) 

Thickness ± SD 
(mm) 

Hardness ± SD 
(Newton; N) 

Diameter ± SD 
(mm) 

L/L 1291.3 ± 8.8 6.85 ± 0.05 100.50 ± 9.80 15.01 ± 0.06 
L/S 1077.6 ± 13.0 6.75 ± 0.12 134.10 ± 15.42 14.81 ± 0.08 

L/7:3 1213.1 ± 9.0 6.59 ± 0.03 160.20 ± 20.69 14.81 ± 0.05 
7:3/L 1286.6 ± 10.9 6.61 ± 0.08 112.10 ± 9.77 14.87 ± 0.03 
7:3/S 1061.8 ± 16.2 6.56 ± 0.05 109.40 ± 20.69 14.70 ± 0.04 

7:3/7:3 1198.6 ± 14.8 6.63 ± 0.05 176.10 ± 14.56 14.75 ± 0.05 
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Table 15 The physical properties of 12 mm IDM of double layered matrix tablets 
 

inside/outside Weight ± SD 
(mg) 

Thickness±SD 
(mm) 

Hardness ± SD 
(Newton; N) 

Diameter ± SD 
(mm) 

L/L 1296.2 ± 17.1 6.76 ± 0.03 140.10 ± 11.55 15.03 ± 0.15 
L/S 1141.4 ± 38.5 6.60 ± 0.12 165.70 ± 23.51 14.86 ± 0.05 

L/7:3 1220.9 ± 21.6 6.77 ± 0.11 171.20 ± 20.60 14.88 ± 0.03 
7:3/L 1274.7 ± 8.1 6.73 ± 0.05 177.50 ± 13.71 14.91 ± 0.03 
7:3/S 1120.7 ± 14.2 6.52 ±0.04 200.30 ± 34.52 14.78 ± 0.07 

7:3/7:3 1244.1 ± 12.9 6.66 ± 0.09 250.40 ± 25.88 14.87 ± 0.08 
 

Table 16  The physical properties of ODM of double layered matrix tablets 
 

inside/outside Weight ± SD 
(mg) 

Thickness ± SD 
(mm) 

Hardness ± SD 
(Newton; N) 

Diameter ± SD 
(mm) 

L/L 1297.6 ± 7.1 6.62 ± 0.03 108.70 ± 8.84 14.85 ± 0.03 
S/L 1259.3 ± 11.7 6.59 ± 0.02 157.40 ± 15.15 14.88  ± 0.03 

7:3/L 1270.0 ± 13.2 6.63 ± 0.02 158.70 ± 9.15 14.95  ± 0.06 
L/7:3 1207.8 ± 16.3 6.54 ± 0.02 139.90 ± 13.45 14.72  ± 0.05 
S/7:3 1155.3 ± 7.1 6.53 ± 0.03 172.80 ± 16.48 14.68  ± 0.05 

7:3/7:3 1172.5 ± 9.5 6.50 ± 0.02 170.70 ± 7.04 14.74  ± 0.13 
 

2. Simultaneous determination of Pro and HCT combined system via first 
derivative UV-spectrophotometry  

The simultaneous determination of two drugs content was measured with FUV 
and the obtained spectra (D1) at 297 nm and 336 nm for Pro and HCT, respectively, 
were employed for this study. Range of linearity of Pro and HCT was 1.5 – 7.5 (r2 = 
0.9999) and 3.6 - 18.0 μg/ml (r2 = 0.9996), respectively. % Recovery of Pro and HCT 
was 106.59 and 97.11 respectively. Precision was determined as intraday and interday 
precision. The RSD of intraday precision was 2.46% and 1.88% for Pro and HCT, 
respectively. For interday precision, the RSD was 2.23% and 1.57% for Pro and HCT, 
respectively. LOD of standard curve was found to be 0.10 and 0.49 μg/ml for Pro and 
HCT, respectively. LOQ was 0.31 and 1.48 μg/ml for Pro and HCT, respectively. The 
analysis results are shown in Table. 17.  
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In case of phosphate buffer pH 7.4 (PBS) and hydrochloric buffer pH 1.2 (HBS) 
the D1 spectra was at 325 nm for Pro of both PBS and HBS. The D1 of HCT were at 
344 and 345 for HBS and PBS, respectively. 

 
Table 17 Method validation parameters of Pro and HCT calibration curve in 

distilled water 
 

Parameter Pro HCT 
Linearity range [μg/ml] 1.5 – 7.5 3.6 – 18.0 

Intercept -0.0001 0.0000 
Slope -0.00062 -0.00051 

r2 0.9999 0.9996 
LOD [μg/ml] 0.10 0.49 
LOQ [μg/ml] 0.31 1.48 
% Recovery 106.59 97.11 

% RSD 4.36 5.82 
Reproducibility [%RSD] 2.46 1.98 
Repeatability [%RSD] 2.23 1.57 

 
3. Drug release from single layered matrix tablet  

3.1. Drug release from sole drug formulation 
Dissolution profiles of HCT and Pro from tablets comprising different ratios of 

L:S are shown in Fig. 13. Within 8 hrs of dissolution study, the maximum release of 
HCT was about 0, 32, 27, 51, 36, 38 and 97% for 0:10, 2:8, 3:7, 5:5, 7:3, 8:2 and 10:0 
of L:S tablets, respectively.  The drug release was higher by the increment of L except 
for the tablets comprising 7:3 and 8:2 L:S which HCT release was lower. In case of Pro, 
the maximum obtained drug release was 0, 61, 81, 98, 100, 67 and 100% from 0:10, 
2:8, 3:7, 5:5, 7:3, 8:2 and 10:0 of L:S tablets, respectively. The tendency of Pro release 
also depended on the L content except for the ratio of 8:2 which its release was slower. 
At the same matrix bases ratio between those two drugs, the Pro release was faster 
than HCT according to the drug solubility properties. Both drugs released were fastest 
when they were incorporated in L which almost drug released within 180 min after 
dissolution study. Both drugs could not release when they were incorporated in S. 
Incorporation of L could promote the drug release but the drug release did not only 
depend on the L content since the higher ratio of L in some case could promote the 
decrement of drug release.  
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Fig 13 Drug release profiles of HCT (above) and Pro (below) from sole drug 
formula with different ratios of L:S in distilled water (n=3). 

 
Drug release from combined drug formulation  

After the sole drug release study, the combined drug release was investigated in 
order to observe the effect of the combination of both drugs could on the drug release 
or not. Both drugs were incorporated into 3:7, 5:5, 7:3 and 10:0 L:S. The 0:10, 2:8 and 
8:2 L:S were discarded because the drug release was very low. In addition, the drug 
release from the other two ratios were more closely by the 3:7 and 7:3 L:S which 
appeared in sole HCT formulation.  The drug release from tablet prepared from 7:3 L:S 
was different from those containing sole drugs therefore it was interesting for more 
investigation.  Hence the series of 3:7 and 7:3 L:S were chosen to study whereas the 
2:8 and 8:2 L:S were excluded. 
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In the combined drug formulation, maximum HCT release was found at about 
40, 48, 25 and 91% within 8 hrs of the release study as shown in Fig. 14. The release 
showed the same trend found in sole drug formulation which a little higher drug release 
was evident. Surprisingly, Pro release did not follow the trend of the sole drug release. 
There was the release relevant with the HCT release which drug release was slower 
and found its deduction in 7:3 L:S as shown in Fig. 14. However, Pro could release 
faster than HCT when the L content in formulation was increased except for 10:0 which 
both drugs could release at the apparent rapid release rate. The maximum release of 
Pro was evident at 37, 62, 41 and 81% from 3:7, 5:5, 7:3 and 10:0 L:S at 8 hrs, 
respectively.  
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Fig 14 Drug release profiles of HCT (above) and Pro (below) from combined 
drug formula with different ratios of L:S in distilled water (n=3).  

 
4. Drug release from double layered matrix tablet  

4.1. Inside drugs loaded formulation 
For IDM with 8 mm inside layer, when the inside layer was L. Almost of both 

drugs released within 180 min for L/L tablet. The L/S sustained drug release by 
delaying the dissolution time of both drugs which the drug release was steady at 
approximately 420 min. Biphasic drug release was found in L/7:3. The first phase was 
between 0 – 150 min which both drugs released with slower rate than the second 
phase. The maximum Pro release was approximately 97.6, 87.8 and 111.0% for L/L, 
L/S and L/7:3, respectively. The maximum HCT release was approximately 90.1, 79.4 
and 62.9% for L/L, L/S and L/7:3, respectively. Pro could release faster than HCT from 
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all formula. The fastest drug release was obtained from L/L formulation followed by 
L/7:3 and the slowest drug release was from L/S formulation.  

For IDM with 8 mm inside layer, the sustained drug release was found for all 
formula when the inside layer was 7:3 L:S. Biphasic drug release was obtained from 
7:3/L and 7:3/7:3. However, the initial phase of 7:3/L was shorter than 7:3/7:3 which 
was approximately at 150 min. unlike 7:3/7:3 which could found the second phase drug 
release at about 240 min. The drug release from 7:3/S was not biphasic but there was 
the unique release pattern which first drug released faster then there was the slow drug 
release as seen in Fig. 15. The dumbbell shape tablets were found from this formulation 
after dissolution test. The maximum Pro release was 78.7, 35.2 and 59.5% for 7:3/L, 
7:3/S and 7:3/7:3, respectively. The maximum release of HCT was found at 62.9, 24.4 
and 37.2% for 7:3/L, 7:3/S and 7:3/7:3, respectively. The drug release from L inside 
layer tablet was faster than that of 7:3. The outside layer also influenced the drug 
release which the fastest drug release was found when the outside layer was L followed 
by 7:3 and S, respectively. All these drug release profiles are shown in Fig. 15. 
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Fig 15  Drug release profiles of HCT (above) and Pro (below) from 8 mm IDM 

formula  with different outside and inside layers in distilled water (n=3). 
The ,  and  expressed the outside layer was L, S and 7:3 
L:S when L was inside tablet, respectively. The , and  
expressed the outside layer was L, S and 7:3 L:S when 7:3 L:S was 
inside tablet, respectively.  

 
For the IDM with 12 mm inside layer using L as the inside layer, the drug 

release from tablets prepared with L/L and L/7:3 were almost the same (Fig. 16.). The 
drugs were completely released within approximately 150 min. The biphasic drug 
release was found only in case of HCT release. The second phase drug release was 
evident after dissolution test at approximately 45 and 120 min for L/L and L/7:3, 
respectively. In case of L/S, the release was sustained which the steady release of drug 
was found at about 300 min. The drug release was fastest for both L/L and L/7:3 and 
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slowest in L/S. Maximum Pro release was 92.9, 89.7 and 101.3% for L/L, L/S and L/7:3, 
respectively. For HCT, the maximum release was, 83.8, 81.5 and 92.5% for L/L, L/S 
and L/7:3, respectively. 

 For the IDM with 12 mm inside layer prepared with 7:3, the fastest release was 
found in 7:3/L followed by 7:3/7:3 and slowest in 7:3/S, respectively (Fig. 16). The 
biphasic drug release was found with the transition period at about 60 and 90 min. for 
7:3/L and 7:3/7:3, respectively. The maximum Pro release was 50.4, 27.3 and 39.8% 
from the tablet prepared with 7:3/L, 7:3/S and 7:3/7:3, respectively. The HCT could 
release 32.3, 14.2 and 20.7% from 7:3/L, 7:3/S and 7:3/7:3, respectively. According to 
the results, the inside and outside layer influenced the drug release. The inside layer 
made from 7:3 could sustain the drug release more effective than L. The outside layer, 
when inside was 7:3, showed not quite different drug release profiles between the 
formula when S and 7:3 was outside layer. These formulation could sustain drug 
release better than the formula which L was outside layer. In the opposite, when L was 
inside, the drug release from the L/L and L/7:3 could release at the same rate. Those 
formulation could release faster than the L/S formula. 
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Fig 16 Drug release profiles of HCT (above) and Pro (below) from 12 mm IDM 

formula with different inside and outside layers in distilled water (n=3). 
The ,  and  expressed the outside layer was L, S and 7:3 
L:S when L was inside tablet, respectively. The , and  
expressed the outside layer was L, S and 7:3 L:S when 7:3 L:S was 
inside tablet, respectively.  

 
 This study compared the drug release from the systems comprising 8 and 12 
mm inside layers. Theoretically, the inside layer with smaller surface area should 
sustain the drug release more effective than the tablet containing the larger surface 
area (Kim, 1995). Therefore, the 8 mm IDM should sustain the drug release longer than 
the 12 mm IDM due to the smaller surface area. Surprisingly, some results did not 
follow the theoretical approach. The results were varied depended on type of matrix 
bases used in the formula. When L was inside layer, it was found that the 8 mm IDM 
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could sustain the drug release more effective than the 12 mm IDM except for L/L 
formulation which the release rate of drug release from 8 and 12 mm IDM seemed 
equal. In the other hand, when 7:3 were used as inside tablet, the 12 mm IDM showed 
the slower drug release than the 8 mm IDM, for all formula due to the swelling of 7:3 
L:S tablet 

4.2. Outside drugs loaded formulation 
The 8 mm of L, S and 7:3 tablets were used as drug free core. Drugs were 

incorporated into outside layer which were 7:3 and L. When outside layer was L while L 
or S was used as inside tablet, the type of inside tablets did not influence the drug 
release (Fig. 17). The drugs could release with the same release rate except for 7:3/L 
which the drug release was apparently sustainable than that from both L/L and S/L. The 
almost of drug in L/L and S/L formulation could release within 90 min but the 7:3/L 
could promote the slower drug release which both drugs steadily released after 150 
min. The core layer did not influence the drug release when 7:3 L:S was employed as 
the outside layer. 

It was found that the types of base used as outside layer influenced the drug 
release (Fig. 17). The outside layer made from 7:3 could sustain the drug release 
longer than that made from L. Pro could release for 47.55, 42.40 and 44.52% and HCT 
could release for 39.26, 37.50 and 36.02% from L/7:3, S/7:3 and 7:3/7:3, respectively. 
In the other hand, the formulation using L as the outside layer could release almost of 
drug within 90 min for L/L and S/L and for 150 min for 7:3/L. Pro released at 94.96, 
93.73 and 75.42% and the HCT released at 88.89, 91.91 and 72.89% at 8 hrs from L/L, 
S/L and 7:3/L, respectively.   
 When compared with IDM, the drug released from ODM was faster than from 
IDM when the same inside tablet were used. Moreover, there was no the biphasic drug 
release from the ODM systems.  
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Fig 17 Drug release profiles of HCT (above) and Pro (below) from ODM 

formula with different inside and outside layer in distilled water (n=3). 
The ,  and  expressed the outside layer was L, S and 7:3 
L:S when L was inside tablet, respectively. The , and  
expressed the outside layer was L, S and 7:3 L:S when 7:3 L:S was 
inside tablet, respectively.  

  
5. Effect of dissolution medium on drug release 

The prepared tablet which could sustain the drug release with constant release 
rate was selected to study the effect of pH on the drug release (Fig. 18). As the criteria 
described above, the 8 mm IDM L/S was chosen because it could prolong the drug 
release with the zero order profile. Moreover, the drug release was steady state and 
almost released was found at about 420 min. The 8 mm IDM L/S was tested for the 
drug release in PBS as basic condition and HBS as acidic condition, respectively.  
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Both Pro and HCT could be sustained their release up to 420 min. However, the 
highest drug released in HBS was lower than the drug released in distilled water. Pro 
could release faster and higher amount than HCT in distilled water but HCT could 
release faster and higher amount than Pro in HBS.  The maximum release in HBS was 
99.34 and 58.06% for HCT and Pro, respectively.  

Both drugs release could be sustained until the end of experiment at 480 min in 
PBS. The different drug releases were found in HBS and distilled water which HCT 
released in HBS was faster than both released in distilled water and PBS but Pro 
released in HBS was slower than that found in distilled water and a little faster than 
PBS at after 180 min. The release rate of HCT in PBS was the same as in distilled 
water at the initial state of drug release until 150 min and as same as the release rate 
of Pro in PBS which was the same with HBS at the initial state of drug release until 180 
min. Then the HCT released in distilled water was gradually faster than that found in 
PBS. Likely with the Pro released in HBS, it was gradually released faster than the 
release in PBS after 180 min until 300 min it was constantly released. HCT could 
release faster than Pro in PBS whereas the release in distilled water was vice versa. 
The maximum drug releases in PBS were 78.84 and 60.91 for HCT and Pro, 
respectively.  
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Fig 18 Drug release profiles of HCT (above) and Pro (below) from 8 mm IDM 

L/S formula in different dissolution fluids (n=3). 
 

6. Drug release from compressed tablet 
In order to compare with the molded tablets, the drug release from compressed 

tablet was investigated. The results are shown in Fig. 19. The Pro released from the 
3:7, 5:5, 7:3 and 10:0 L:S compressed tablets seemed constantly release with their 
maximum release was found at 150 min. The release rate were almost the same for 
3:7, 5:5 and 10:0 L:S except for 7:3 L:S which the drug release was slower than the 
other formula. In case of 0:10 L:S, Pro released with small drug amount which the 
maximum drug release was 14.67% at 480 min. The release of HCT was similar to Pro. 
HCT released from 3:7, 5:5 and 10:0 L:S with the same trend but the 3:7 L:S exhibited 
the more prolongation of drug release when compared with the other two formulation. 
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However, the drug release from 7:3 L:S was slower than other formula except the drug 
rarely released from 0:10 L:S since the maximum release was only 4.70%.  

 

 
 

 
 
Fig 19 Drug release profiles of HCT (above) and Pro (below) from compressed 

tablets containing different ratios of L:S in distilled water (n=3). 
 

7. Water uptake and erosion studies 
These studies were performed only sole and combined drug formula of single 

layered tablets. The double layer tablets were not tested because the weight of each 
layer was not equal and possibly disturbed the results and the complexibility of system 
which might be difficult for data analysis. Moreover, the sole and combined formula 
could notably describe the drug release from the difference of ratios between L and S. 
The results obtained from this experiment should also be useful to describe the drug 
release from the double layer tablet.  
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7.1. Water uptake and erosion from sole drug formulation 
The water uptake and erosion of each sole drug tablets are shown in Table. 18. 

The water uptake and erosion of Pro loaded formulation increased as the content of L 
increased until the L ratio was a half in formulation. The water uptake and erosion of 
the 5:5 L:S were 230.16 ± 26.29% and 89.9 ± 1.47%, respectively. The higher content 
of L in formulation caused the reducing of the water uptake and erosion as seen in 7:3 
L:S which the water uptake did not calculate because the tablet was completely eroded 
hence its erosion became 100%. However, the tablet was not completely eroded when 
the L was increased to 8:2 L:S. The tablets showed a small swelling which % water 
uptake and erosion were 110.5 ± 8.63% and 70.51 ± 3.70%, respectively.  

These results for HCT loaded tablets were similar to those of the Pro. 
Increasing the amount of L could promote the higher water uptake and erosion until the 
half ratio was reached then the erosion was decreased for 7:3 L:S but again increased 
at 8:2 L:S and finally become 100% erosion for 10:0 L:S.  However, the water uptake 
was increased as the L ratio increased until 7:3 L:S was reached. In addition, the 
%water uptake between 7:3 and 8:2 L:S was not quite different. Moreover, the overall 
% water uptake and erosion of HCT tablets was lower than Pro tablets and the 7:3 L:S 
tablet still remained in dissolution medium.  

For 0:10 L:S of both Pro and HCT formulation, the tablet weight did not change 
at 8 hrs of dissolution study therefore there were no water sorption and erosion. In case 
of the 10:0 L:S, both Pro and HCT tablets were completely dissolved therefore it could 
not determine the water uptake because of their 100% erosion.  
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Table 18 %water uptake and erosion of HCT and Pro tablets from sole drug 
formula containing various bases.  

 

Ratios (L:S) 
HCT Pro 

% water uptake % erosion % water uptake % erosion 
0:10 0.00  ± 0.00 0.00  ± 0.00 0.00  ± 0.00 0.00  ± 0.00 
2:8 19.54 ± 4.33 21.13  ± 2.68 27.33 ± 2.32 29.52  ± 5.21 
3:7 26.31 ± 3.24 30.26  ± 4.92 77.42  ± 3.10 56.07  ± 5.22 
5:5 95.66  ± 10.21 45.07  ± 5.40 230.16  ± 26.29 89.9  ± 1.47 
7:3 105.41 ± 2.56 22.01  ± 3.10 ND 100  ± 0.00 
8:2 105.84  ± 5.77 56.21 ± 6.10 110.5  ± 8.63 70.51 ± 3.70 
10:0 ND 100 ± 0.00 ND 100  ± 0.00 

ND = Not determine 
 

7.2. Water uptake and erosion from combined drug formulation  
The water uptake and erosion pattern of combine drug tablets (Table. 19) were 

similar to that as found in HCT formulation. Increasing of L could promote the higher 
water uptake and erosion, however, the erosion deducted when 7:3 L:S was used as 
matrix base.  

 
Table 19 %Water uptake and erosion of combined drug formula containing various 
bases  
 

Ratios 
(L:S) 

% water 
uptake % erosion 

3:7 13.97 ± 6.38 29.73 ± 10.39 
5:5 99.29  ± 17.30 51.63  ± 5.30 
7:3 111.72 ± 5.15 29.81  ± 4.26 
10:0 ND 100 ± 0.00 

ND = Not determine 
 

8. Physico-chemical studies 
8.1. Thermogravimetric analysis (TGA) 

To ensure that the model drugs and matrix bases used in this experiment did 
not degrade at preparation temperature, 180°C, TGA was used to investigate the 
thermal degradation property. The minimum degradation temperature of each 
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compound was approximately 350°C, 240°C, 215°C and 295°C for L, S, Pro and HCT, 
respectively. Degradation temperature was 401.5°C, 355°C, 299.5°C and 335.8°C for L, 
S, Pro and HCT, respectively (Table. 20). The results signified that drug and other 
compounds would not degrade during preparation. The obtained TGA thermograms are 
shown in Fig. 20. 

 
Table 20 Minimum degradation temperature (MDT) and degradation temperature 

(DT) of each compound observed by TGA  
 

Materials MDT (°C) DT (°C) 
L 350.0 401.5 
S 240.0 355.0 

Pro 215.0 299.5 
HCT 295.0 335.8 

 
 
 
 
 
 
 
 
 
 
 
 



72 
 

 
 

 
 
Fig 20  TGA thermograms of Pro, HCT, L and S, respectively.  
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8.2. Differential scanning calorimetry (DSC) 
The obtained DSC thermograms are shown in Fig. 21. From DSC 

thermograms of S, there were two sharp endothermic peaks at 64.8 ºC and 79.5 ºC and 
a little endothermic peak at about 50.0 ºC. L exhibited the sharp endothermic melting 
peak at 56.2 ºC. In case of the model drugs, the sharp endothermic melting peak was 
found at 166.7 ºC and 272.2 ºC for Pro and HCT, respectively.  

The physical mixture (PM) and melted sample (MS) of Pro thermograms are 
shown in Fig. 22. PM and MS of HCT thermograms are shown in Fig. 23. PM and MS 
of Pro in all matrix bases did not show any change of the melting peak of each 
individual matrix bases. It might be concluded that this drug did not interact or be solid 
dispersed in the matrix bases. In the other hand, the peak of HCT disappeared in PM 
and MS at 10, 20 and 30% HCT in L (Fig. 23A) and also at 10 and 20% HCT in 5:5 of 
L:S (Fig. 23C), respectively. However, the small drug melting peak could be observed 
for higher drug loaded systems. In case of the incorporation of HCT in S, both drugs 
and S peak were clearly observed for both PM and MS (Fig. 23B, 23E). This might 
define that the chemical reaction or solid dispersion of HCT could not occur in S. 
Additionally, the new endothermic peak of S appeared at about 84.0 ºC in the MS of 5:5 
L:S containing with Pro or HCT with the decrement of the 79.5 ºC endothermic peak of 
S. Moreover, the S peak at 50.0 ºC in the MS of 5:5 L:S containing Pro was 
disappeared but the MS of 5:5 L:S containing HCT was still observed the 50.0 ºC peak 
of S due to the endothermic peak shift of L to lower 50.0 ºC (Fig. 22F and Fig. 23F). 
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Fig 21 DSC thermograms of L, S, Pro, HCT and 5:5 PM of L:S.  
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Fig 22 DSC thermograms for PM of 10 – 50% of Pro in 10:0 L:S (A), 0:10 L:S 

(B), 5:5 L:S (C) and MS of 10 – 50% Pro in 10:0 L:S (D), 0:10 L:S (E) 
and 5:5 L:S (F). 
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Fig 23 DSC thermograms for PM of 10 – 50% of HCT in 10:0 L:S (A), 0:10 L:S 

(B), 5:5 L:S (C) and MS of 10 – 50% HCT in 10:0 L:S (D), 0:10 L:S (E) 
and 5:5 L:S (F). 

 
8.3. Powder X-ray diffractometry (PXRD) 

The diffractograms of each pure compound are shown in Fig. 24. HCT was 
clarified drug diffractogram by three peaks including two small peaks at about 17 and 
28.5 º2θ and sharp diffractogram peak at about 19 º2θ. Pro revealed many 
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diffractogram peaks from 8 to 30 º2θ. S and L showed dominant peaks at about 21, 23 
and 19, 23 º2θ, respectively.  

In case of PM and MS, characteristic drug peak of Pro could be clearly 
observed in both PM and MS of 10:0, 0:10 and 5:5 L:S as shown in Fig. 25, Fig. 26 
and Fig. 27, respectively.  For HCT, the sharp diffractogram peak was overlapped by 
the sharp peak of L at about 19 º2θ hence the small peaks of HCT at 17 º2θ and 28.5 
º2θ were used as characteristic drug peaks of HCT in L. The PM of 10% HCT in L, S 
and 5:5 L:S revealed a different characteristic drug peaks. Only the peak at 17 º2θ was 
found when 10% HCT was mixed in L (Fig. 28A) unlike the systems with this drug 
mixed with S or 5:5 L:S which the peaks at 17 º2θ and 28.5 º2θ of drug could be 
observed (Fig. 29A) and (Fig. 30A). However, the increasing content of HCT showed 
greater characteristic drug peak. Therefore both peaks at 17 º2θ and 28.5 º2θ were 
clearly observed when the content of HCT in PM formulation was more than 20% in all 
formula. Moreover, the peak at 19 º2θ also increased as the content of HCT increased. 
At high HCT content, the characteristic drug peak at 19 º2θ could overcome the L peak 
hence it could clearly observed in formulation containing HCT higher than 20%. For 
molded formulation, halo pattern was observed when 10% HCT was incorporated in L 
(Fig. 28F). The small and sharp drug peaks of HCT were revealed in 10% HCT molded 
with S except for 28.5 º2θ but it might be due to the high intensity scale of Y axis 
therefore it could not clearly observe and the peak was not revealed (Fig. 29F). For the 
5:5 L:S, the small drug peak at 17 º2θ  was disappeared in the 10% HCT incorporated 
system but the peak at 28.5 º2θ  was still evident (Fig. 30F). The diffractograms of 5:5 
L:S PM and MS showed a different pattern. The thermal treatment might promote the 
increasing of L interacted with some part of S components resulted in a little decrement 
of L content and a change of broad peak of S (Fig. 30) which would be discussed later. 
S loaded with HCT higher than 10% could observe all characteristic HCT peaks clearly. 
In the other hand, L loaded with HCT higher than 10% also observed the drug peak at 
19 and 28.5 º2θ but the peak at 17 º2θ was disappeared due to the same reason with 
previously described in 10% HCT molded with S.  The diffractogram of PM and MS of 
10-50% HCT in 10:0, 0:10 and 5:5 L:S are shown in Fig. 28, Fig. 29 and Fig. 30, 
respectively. 
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Fig 24  PXRD diffractograms of L, S, 5:5 L:S, HCT and Pro. 
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Fig 25 PXRD diffractograms for PM of 10% (A), 20% (B), 30% (C), 40% (D) 

and 50% (E) Pro in 10:0 L:S and MS of 10% (F), 20% (G), 30% (H), 
40% (I) and 50% (J) Pro in 10:0 L:S 
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Fig 26 PXRD diffractograms for PM of 10% (A), 20% (B), 30% (C), 40% (D) 

and 50% (E) Pro in 0:10 L:S and MS of 10% (F), 20% (G), 30% (H), 
40% (I) and 50% (J) Pro in 0:10 L:S 
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Fig 27 PXRD diffractograms for PM of 10% (A), 20% (B), 30% (C), 40% (D) 

and 50% (E) Pro in 5:5 L:S and MS of 10% (F), 20% (G), 30% (H), 40% 
(I) and 50% (J) Pro in 5:5 L:S 
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Fig 28 PXRD diffractograms for PM of 10% (A), 20% (B), 30% (C), 40% (D) 

and 50% (E) HCT in 10:0 L:S and MS of 10% (F), 20% (G), 30% (H), 
40% (I) and 50% (J) HCT in 10:0 L:S 
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Fig 29 PXRD diffractograms for PM of 10% (A), 20% (B), 30% (C), 40% (D) 

and 50% (E) HCT in 0:10 L:S and MS of 10% (F), 20% (G), 30% (H), 
40% (I) and 50% (J) HCT in 0:10 L:S 
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Fig 30 PXRD diffractogram of PM of 10% (A), 20% (B), 30% (C), 40% (D) and 

50% (E) HCT in 5:5 L:S and MS of 10% (F), 20% (G), 30% (H), 40% (I) 
and 50% (J) HCT in 5:5 L:S 

 
8.4. Hot stage microscopy (HSM) 

To clarify the physicochemical data obtained from DSC and PXRD, the HSM 
was also conducted. However, the influence of the mixed compound between L and S 
at 5:5 L:S on the physicochemical properties of both PM and MS compound which 
previously examined in DSC and PXRD was replaced with the 7:3 L:S in order to 
described the uniquely release at 7:3 L:S together with the physicochemical properties 
of the mixed compound. Therefore, the 10% drug incorporated into L, S and 7:3 for 
both PM and MS were investigated for the melting behavior under microscope. 

The melting behaviors of HCT and Pro in PM are presented in Fig. 31 and Fig. 
32, respectively. These melting behaviors were similar to that in MS as presented in 
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bases at their melting temperature followed by the melting of Pro at about 160 ºC. After 
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the system was cooled down, Pro started to re-crystalline under temperature below 160 
ºC until the room temperature reached. The needle-like crystal of Pro was obtained. 
This phenomenon did not occur in HCT loaded formulation because the melting 
temperature of HCT was higher than 180 ºC which the HSM study condition 
temperature cannot be reached hence the HCT crystal exhibited no change through the 
experiment although some of them seemed to disperse into L liquid phase. This result 
was similar with the thermal behavior of each compound as observed by DSC.  

Although the HCT crystal remained in all bases, the amount was quite 
different. The crystals in L were rarely found when compared with those in S. Moreover, 
the needle-like crystal of Pro was only found in L while there were many crystal nuclei 
instead in S.  
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Fig 31   The HSM of PM of 10% HCT in PM containing 10:0, 7:3 and 0:10 L:S at 

room temperature (RT), maximum temperature at 180 ºC (MX) and the 
mixture after cooled down to room temperature(CD), respectively.  

 
 
 
 
 
 
 

PM 10% HCT 10:0 L:S (RT) PM 10% HCT 10:0 L:S (MX) PM 10% HCT 10:0 L:S (CD) 

PM 10% HCT 7:3 L:S (RT) PM 10% HCT 7:3 L:S  (MX) PM 10% HCT 7:3 L:S (CD) 

PM 10% HCT 0:10 L:S (RT) PM 10% HCT 0:10 L:S (MX) PM 10% HCT 0:10 L:S(CD) 
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Fig 32  The HSM of PM of 10% Pro in PM containing 10:0, 7:3 and 0:10 L:S at 

room temperature (RT), maximum temperature at 180 ºC (MX) and the 
mixture after cooled down to room temperature, respectively (CD). 
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Fig 33  The HSM of MS of 10% HCT in MS containing 10:0, 7:3 and 0:10 L:S at 

room temperature (RT), maximum temperature at 180 ºC (MX) and the 
mixture after cooled down to room temperature, respectively (CD). 
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Fig 34  The HSM of MS of 10% Pro in MS containing 10:0, 7:3 and 0:10 L:S at 

room temperature (RT), maximum temperature at 180 ºC (MX) and the 
mixture after cooled down to room temperature, respectively (CD). 

 
8.5. Fourier transform Infrared spectroscopy (FT-IR) 

The FT-IR spectra of each pure compound are shown in Fig. 35. The HCT 
spectra showed N-H stretching of amine group at 3362.7 cm-1. The characteristic peaks 
of this drug were at 1604 cm-1 refering to the C-C stretching of aromatic ring and the 
742 cm-1 which was the bending mode vibration of NH and NH2 group, respectively. The 
Pro showed stretching of secondary amine at 3281.3 cm-1 and C-H stretching at 2970.2 
cm-1, respectively. The Pro characteristic peaks were 1584.6 and 766 cm-1 referring to 
C=C stretching and aryl O-CH2 symmetric stretching, respectively. Spectra of L showed 
the C-H stretching of aliphatic chain at 2887.0 cm-1 and there were the characteristic 
peaks at 1353.3 and 1111.3 cm-1 which were O-H bending in plane and C-O stretching, 

MS 10% Pro 0:10 L:S (RT) MS 10% Pro 0:10 L:S (MX) MS 10% Pro 0:10 L:S (CD) 

MS 10% Pro 7:3 L:S (RT) MS 10% Pro 7:3 L:S (MX) MS 10% Pro 7:3 L:S (CD) 

MS 10% Pro 10:0 L:S (RT) MS 10% Pro 10:0 L:S (MX) MS 10% Pro 10:0 L:S (CD) 
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respectively. FT-IR spectrum of S revealed the stretching vibration of CH3 and CH2 at 
2920.0 and 2848.0 cm-1, respectively. The peaks found at 1467.5, 1173.0 and 1244.2 
cm-1 referred to stretching vibration of C=O, C=C and twisting vibration of CH2, 
respectively.  

To observe drug - base interaction, the characteristic drug peaks of HCT and 
Pro were used for this purpose at wave no. of 1604.3 and 1584.6 cm-1, respectively. 
These peaks are presented in the square marker for each FTIR spectra, because the 
other peaks were disturbed with the base peaks. Although the peak at wavenumber. 
higher than 2000 cm-1 seemed to be more appropriate as characteristic drug peak they 
were overlaid by L or S broad peak at wave number range of 3400 -3500 cm-1. 
Moreover, the loaded drug sample exhibited the lower %Transmittance of drug peak 
hence it could not observe the peak clearly at these ranges. According to the 
experiment, both PM and MS samples of HCT or Pro in L, S or 7:3 L:S could be 
observed a small characteristic drug peak therefore it might state that there was no 
chemical interaction for both drugs in all bases. The PM and MS of 10 % Pro in 10:0, 
0:10 and 7:3 L:S are shown in Fig. 36. The PM and MS of 10% HCT in 10:0, 0:10 and 
7:3 L:S are shown in Fig. 37. Characteristic peak of L could not observe clearly 
because the broad peak of L at 1466.8 cm-1 might disturb the peak of Pro. The peak of 
HCT was also not observed clearly in S due to the same reason previously of Pro. The 
characteristic peak was crowned by the small peaks of S at about 1500 -1600 cm-1. 
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Fig 35 The FT-IR spectra of Pro, HCT, L, S and PM of 7:3 L:S. 
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Fig 36 FTIR spectra of 10% Pro PM in 0:10, 7:3 and 10:0 L:S, respectively. 

FTIR spectra of 10% Pro MS in 0:10, 7:3 and 10:0 L:S L:S, respectively. 
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Fig 37 FTIR spectra of 10% HCT PM in 0:10, 7:3 and 10:0 L:S, respectively. 

FTIR spectra of 10% HCT MS in 0:10, 7:3 and 10:0 L:S, respectively. 
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8.6. Contact angle and SFE 
The surface of compressed and molded tablets was determined for their 

contact angle to calculate the SFE for determination of the wettability of the tablet 
surface. The higher SFE indicates the higher polarity hence the system with high SFE 
could be easily spread with the fluid such as dissolution medium. In the other meaning, 
the low of contact angle could also indicate the easily spread or miscible well of the 
medium on the prepared matrix systems. Contact angle of compressed and molded 
tablets loaded with the combined model drugs at various ratios of L:S are shown in 
Table. 21. For compressed tablets, increasing content of L in formula did not influence 
the contact angle. The contact angle obtained from different solvents did not quite 
different as seen in Table. 21. and its trend are shown in Fig. 38. Unlike that of the 
molded tablet, the high contact angle was found when the ratio was 0:10 L:S. The other 
formula showed a small value with no difference of contact angle in each formula. 
Therefore, it could conclude that the distilled water hardly penetrated or spread on the 
surface of 0:10 L:S tablet because of its high contact angle due to high hydrophobicity, 
but the distilled water could be easier spread on the surface of other formulation. The 
contact angle between compressed and molded tablets did not quite different except for 
molded 0:10 L:S hence it might conclude that both preparation methods might not 
influence on the water spreadability on their surfaces. This was confirmed by the 
calculated SFE. 

SFE of the compressed tablets seemed almost constant with the range between 
41.02 ± 4.89 to 49.62 ± 11.45 mJ/sec as shown in Table. 22. The SFE of molded tablets 
showed the trend relevant with those of their contact angle which the high contact angle 
caused the low SFE indicated the lower polarity of the surface. In the other hand, the 
low contact angle and high SFE indicated the higher polarity of the surface.  Increment 
of L tended to increase the SFE. The SFE increased rapidly in 3:7 L:S then it seemed 
constant but slightly decreased in the 7:3 L:S. However, the SFE between compressed 
and molded tablet did not quite different therefore the difference of preparation method 
was not influence on the miscibility and compatibility of the tablets. However, these 
tablets showed the different release profiles as described previously. Drug release from 
compressed tablets was faster than the molded tablet. The trend of SFE is shown in 
Fig. 39. 
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The statistical analysis data confirmed the results from both contact angle and SFE. 
For distilled water used as test liquid, the contact angle value of the tablets for the pair 
of 3:7 - 5:5 L:S, 5:5 -7:3 L:S and 0:10 -10:0 L:S were not different  in group but 
statistically different with each other in the compressed tablets (p < 0.05). The contact 
angle on molded tablet showed no difference from the 3:7, 5:5 and 10:0 L:S tablet but 
different from the other tablets (p < 0.05) as same as the contact angle from the 7:3 L:S 
and 0:10 L:S tablets were not different in group but different from that of the other 
groups (p < 0.05). The formamide contact angle on the compressed tablets was not 
different between 5:5 and 7:3 L:S tablets but this value for the tablets prepared with the 
other ratios was statistically different (p < 0.05). Unlike those of the contact angle on 
compressed tablet of 3:7, 5:5 and 7:3 L:S and also the group of 0:10 and 10:0 L:S 
tablets were not different but those was different between the other groups significantly 
(p<0.05). Contact angle of ethylene glycol on the 0:10 L:S molded tablet was 
significantly different from the other tablets (p < 0.05). The group of 5:5-10:0 L:S tablets 
and 7:3 and 3:7 L:S tablet showed no difference in contact angle in group but different 
significantly between groups (p < 0.05). The contact angle of ethylene glycol on 
compressed tablets was not different in group of 0:10-3:7 L:S tablets, 0:10-5:5-10:0 L:S 
tablets and 5:5-7:3-10:0 L:S tablets but different between group (p < 0.05). The data 
obtained from statistical analysis of contact angle was hardly to describe the trend thus 
the statistical analysis of SFE in each tablet was used to indicate the difference 
between those of compressed and molded tablets instead of contact angle. The data 
showed the indifference for the tablet SFE in molded tablets except for the tablet made 
from S whereas the compressed tablets showed indifferent for SFE. By comparison of 
compressed and molded tablets, the SFE is obtained from compressed and molded 
tablets were not significantly different except for some molded tablets comprising 0:10 
L:S or compressed tablet prepared from 10:0 L:S. These statistical data analysis of 
contact angle are shown in Appendix. VI (Tablet.47A-C) and SFE are shown in 
Appendix. VI (Table 48) 
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Table 21 Contact angle of distilled water, formamide and ethylene glycol on 
compressed and molded tablets comprising various ratios of L:S with 
combined drugs 

 

solvent 
Contact angle (degree; º) 

distilled water formamide ethylene glycol 

L:S ratio compressed molded compressed molded compressed molded 

0:10 57.68 ± 3.56 90.01 ± 8.16 66.13 ± 15.16 75.90 ± 6.16 51.71 ± 9.96 67.33 ± 3.00 

3:7 51.44 ± 2.48 41.41 ± 2.69 46.24 ± 1.45 63.81 ± 4.14 52.01 ± 0.86 55.27 ± 4.09 

5:5 50.39 ± 3.18 41.36 ± 2.94 52.71 ± 1.66 43.15 ± 2.97 47.13 ± 2.06 43.38 ± 1.82 

7:3 44.49 ± 0.86 53.93 ± 5.38 55.88 ± 0.99 40.46 ± 2.99 44.49 ± 2.30 61.03 ± 4.54 

10:0 61.98 ± 0.83 45.20 ± 2.73 59.51 ± 1.79 54.20 ± 1.67 47.78 ± 4.12 46.33 ± 5.47 
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Fig 38 Contact angle of distilled water (above), formamide (middle) and 

ethylene glycol (below) on compressed and molded tablets containing 
various ratios of L:S. 
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Table 22 Calculated SFE of compressed and molded tablets containing various 
ratios of L:S 

 
Surface free energy (mJ/sec) 

L:S Compressed 
tablets Mold tablets 

0:10 42.42 ± 7.30 26.00 ± 0.44 

3:7 49.62 ± 11.45 52.31 ± 8.57 

5:5 46.52 ± 8.39 52.42 ± 10.45 

7:3 47.17 ± 7.46 47.07 ± 17.86 

10:0 41.02 ± 4.89 49.41 ± 11.17 

 

 
 
Fig 39 Calculated SFE of compressed and molded tablets comprising various 

ratios of L:S 
 

9. Determination of particle size and size distribution of dispersed systems  
  From visual observation, the dissolution medium obtained from 3:7, 5:5 and 7:3 

loaded with combined both Pro and HCT was not the clear solution during dissolution 
test while the obtained clear solution was evident for those of 10:0 and 0:10 and also in 
the compressed tablet at all ratios of L:S. Therefore the emulsion might be occurred 
from the molded 3:7, 5:5 and 7:3 L:S from the surface active property of L and some 
part of S. Therefore, the determination of o/w particle size was done to prove this 
hypothesis. The experiment results indicated the evidence of dispersed particles 
appeared in the dissolution medium at different size and size distribution for 3:7, 5:5 
and 7:3 L:S. According to the polydispersion of size distribution, the mean and mode 
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size were reported as shown in Table. 23. The size distributions are shown in Fig. 40. 
The emulsion from 3:7 L:S showed polydispersion which approximately three size of 
emulsion was found which the mean size was 39.35 ± 8.27 µm and the mode size was 
12.19 ± 0.19 µm. In the other hand, the particle size and size distribution of droplets 
from 5:5 and 7:3 was not different. Both of them showed only two size of emulsion 
which the average size was 58.13 ± 33.54 and 57.88 ± 18.90µm the mode size was 
16.99 ± 1.32 and 16.28 ± 0.02 µm for 5:5 and 7:3 L:S, respectively. The particle size 
from 7:3 L:S was smaller than the particle size from both 3:7 and 5:5 L:S. However, the 
statistical analysis for the particle size indicated that the size obtained from each 
formula was not different as shown in Appendix. VI (Table. 49). 

 
Table 23 Particle size of dispersed systems from 3:7, 5:5 and 7:3 L:S in 

dissolution medium (distilled water). 
 

Particle size (µm) 

L:S Mean Mode 

3:7 39.35  ± 8.27 12.19  ± 0.19 
5:5 58.13  ± 33.54 16.99  ± 1.32 
7:3 57.88  ± 18.90 16.28  ± 0.02 

 

 
 
Fig 40 Particle size distributions of dispersed systems obtained from tablets 

containing combined drug of 3:7, 5:5 and 7:3 L:S in dissolution medium 
(distilled water).  
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10. Drug degradation at preparation and dissolution study condition 
According to the TGA results, this experiment was confirmed to explain the 

degradation behavior of drug in the preparation and dissolution study processes. The % 
drug released after dissolution study for 8 hrs signified that both Pro and HCT did not 
degrade from the preparation and dissolution study processes. The Pro and HCT 
released amounts were 103.28 ± 3.01 and 103.46 ± 3.14%, respectively (n=3). However 
the more investigation such as the analysis with HPLC should be conducted for 
checking the drug degradation. 

 
11. Analysis of drug release data 

To describe the drug release characteristic of the prepared matrix tablet, least 
square fitting of the experimental dissolution data (cumulative drug release > 10% to 80 
%) to the different mathematical expressions (power law, first order, Higuchi’s, zero 
order and cube root law) was carried out. The coefficient of determination (r2) was used 
to indicate the degree of curve fitting. Goodness-of-fit was also evaluated using Model 
Selection Criterion (msc). In addition, the major drawback of power law model which 
could accurately describe drug release pattern only first 60 % of drug release therefore 
it did not mainly use to mainly describe the kinetic of drug release but it was only used 
to confirm the drug release pattern of the matrix tablets from its n exponent value and  

11.1. Drug release pattern from sole drug formulation in single layered matrix 
tablet 

The degree of goodness-of-fit of release profiles of HCT to different 
mathematic equations is shown in Table. 24. HCT did not release from the 0:10 L:S. 
However, HCT could release when L was incorporated into S. The gradual increasing 
the ratio of L in formulation influenced on the drug release pattern. The drug release 
from 2:8, 3:7 and 5:5 L:S were best fitted with zero order. Higuchi’s model release 
profile obtained for the drug released from 7:3 and 8:2 L:S. In case of tablet made from 
L (10:0 L:S), its drug release was best described by cube root law. 

For 0:10 L:S, Pro could not release from this base hence the release profile 
was not be tested. Pro released when L was incorporated into S was as same as the 
HCT loaded formula. Pro released from 2:8 was best described by the zero order 
release kinetic. The 3:7 L:S was fitted well with Higuchi’s model. First order was fitted 



101 
 

 
 

well for drug release from 5:5 L:S and the cube root law was used to describe drug 
release from 7:3 L:S. The Higuchi’s model was fitted well for Pro released from 8:2 L:S 
and the cube root law was best fitted for that of 10:0 L:S.  The release profiles fitting 
results of Pro are shown in Table. 24. 

 
Table 24  Comparison of degree of goodness-of-fit from curve fitting of dissolution 

profiles of HCT and Pro from sole drug formula containing different base 
ratios in distilled water. 

 
HCT 

L:S 
Zero order First order Higuchi’s Cube root Power law 

r2 msc r2 msc r2 msc r2 msc r2 msc n 

10:0 0.9857 3.58 0.9870 3.68 0.9829 3.4 0.9981 5.61 0.9979 5.18 0.64 
8: 2 0.9382 2.48 0.9860 3.97 0.9912 4.42 0.9767 3.47 0.9962 5.12 0.43 
7: 3 0.9362 2.47 0.9848 3.90 0.9873 4.08 0.9796 3.61 0.9966 5.26 0.39 
5: 5 0.9943 4.81 0.9573 2.79 0.9260 2.24 0.9736 3.30 0.9945 4.66 1.07 
3: 7 0.9972 5.51 0.9702 3.11 0.9500 2.60 0.9944 4.82 0.9984 5.90 0.88 
2:8 0.9938 4.28 0.9149 2.02 0.8795 1.62 0.9842 3.49 0.9994 6.30 2.00 

0:10 ND ND ND ND ND ND ND ND ND ND ND 
Pro 

L:S 
Zero order First order Higuchi’s Cube root Power law 

r2 msc r2 msc r2 msc r2 msc r2 msc n 

10:0 0.9851 3.64 0.9799 3.34 0.9564 2.56 0.9941 4.56 0.9950 4.44 0.72 
8: 2 0.9494 2.65 0.9791 3.54 0.9867 3.96 0.9793 3.54 0.9870 3.80 0.53 
7: 3 0.9893 4.14 0.9884 4.07 0.9882 4.00 0.9973 5.52 0.9990 6.33 0.70 
5: 5 0.9525 2.74 0.9958 5.17 0.9950 4.99 0.9932 4.70 0.9956 4.96 0.47 
3: 7 0.9903 4.30 0.9901 4.17 0.9925 4.45 0.9842 3.49 0.9991 6.44 0.67 
2: 8 0.9788 3.41 0.9382 2.34 0.8426 1.41 0.9534 2.62 0.9938 4.54 0.98 
0:10 ND ND ND ND ND ND ND ND ND ND ND 

ND = Not determine 
 

11.2. Drug release pattern of combined drug from single layered matrix tablet 
 The degrees of goodness-of-fit of release profiles to different mathematic 

equations are shown in Table. 25 for HCT and Pro, respectively. Both Pro and HCT 
showed the same release pattern from 3:7, 5:5, 7:3 and 10:0 L:S. The release pattern 
from 3:7 L:S showed the best fitted with the zero order but the release profile from 5:5 
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L:S fitted well with Higuchi’s model. For 7:3 L:S, the drug release pattern was the best 
described by first order model. The drug release from 10:0 L:S was fitted well with cube 
root law for both Pro and HCT as also found in sole drug formulation.  

 
Table 25  Comparison of degree of goodness-of-fit from curve fitting of dissolution 

profiles of HCT and Pro from combined drug formula containing different 
base ratios in distilled water. 

 
HCT 

L:S 
Zero order First order Higuchi's Cube root Power law 

r2 msc r2 msc r2 msc r2 msc r2 msc n 

10:0 0.9619 2.70 0.9940 4.54 0.9921 4.28 0.9989 6.54 0.9933 4.14 0.54 
7:3 0.9982 5.89 0.9987 6.23 0.9887 4.04 0.9987 6.20 0.9988 6.03 0.84 
5:5 0.9753 3.39 0.9931 4.67 0.9940 5.82 0.9886 4.16 0.9976 5.59 0.58 
3:7 0.9940 4.72 0.9826 3.65 0.9406 2.42 0.9863 3.89 0.9963 5.00 1.67 

Pro 

L:S 
Zero order First order Higuchi's Cube root Power law 

r2 msc r2 msc r2 msc r2 msc r2 msc n 

10:0 0.9135 1.95 0.9918 4.31 0.9583 2.68 0.9942 4.48 0.9844 3.41 0.47 
7:3 0.9858 3.94 0.9958 5.17 0.9947 4.94 0.9933 4.69 0.9990 6.48 0.60 
5:5 0.9696 3.21 0.9960 5.24 0.9985 6.20 0.9904 4.36 0.9993 6.93 0.54 
3:7 0.9917 4.39 0.9898 4.19 0.9693 3.09 0.9908 4.29 0.9917 4.19 0.95 

 
11.3. Drug release pattern from double layered matrix tablet 

The double layered matrix tablet was designed to take the advantage from 
the surface area controlling the drug release hence it was designed to keep the surface 
area constant through the dissolution study. The IDM had smaller surface area than 
ODM thus it could sustain drug release longer than ODM. According to the constant 
surface area, it should release as the zero order kinetic (Benkorah, 1996; Kim, 1995) 
,however, the system prepared with some ratio did not release following the zero order 
kinetic. Thus, other variables could take over the majority effect of surface area.  

 
11.3.1. Inside drugs loaded formulation 

The degrees of goodness-of-fit of drug release profiles from 8 mm IDM 
to different mathematic equations are shown in Table. 26 for both HCT and Pro. Almost 
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of drug release profiles could fit with the zero order except for the HCT in 7:3/L formula 
which it was fitted well with first order kinetic and the Pro in 7:3/S formula which it was 
best described by Higuchi’s model.  

 
Table 26 Comparison of degree of goodness-of-fit from curve fitting of dissolution 

profiles of HCT and Pro from 8 mm IDM with different inside and outside 
layers (inside/outside) in distilled water.   

 
HCT 

Formula 
Zero order First order Higuchi’s Cube root Power law 

r2 msc r2 msc r2 msc r2 msc r2 msc n 

L/L 0.9906 4.00 0.9351 2.07 0.8735 1.67 0.9573 2.49 0.9976 5.04 1.47 
L/S 0.9905 4.26 0.9606 2.83 0.9574 2.76 0.9764 3.35 0.9951 4.72 1.00 

L/7:3 0.9760 3.23 0.9351 2.16 0.8926 1.56 0.9614 2.59 0.9895 3.70 1.24 
7:3/L 0.9846 3.78 0.9905 4.26 0.9636 2.91 0.9884 4.01 0.9913 4.07 0.67 
7:3/S 0.9868 3.76 0.9865 3.73 0.9544 2.59 0.9746 3.10 0.9869 3.47 1.06 

7:3/7:3 0.9899 4.09 0.9859 3.64 0.9045 1.95 0.9889 4.00 0.9899 3.84 1.01 
Pro 

Formula 
Zero order First order Higuchi’s Cube root Power law 

r2 msc r2 msc r2 msc r2 msc r2 msc n 

L/L 0.9962 4.78 0.9393 2.14 0.9585 2.18 0.9633 2.64 0.9996 6.80 1.29 
L/S 0.9906 4.26 0.9540 2.72 0.9234 2.12 0.9696 3.13 0.9952 4.80 1.33 

L/7:3 0.9560 2.62 0.8822 1.64 0.8889 1.53 0.9465 2.26 0.9121 1.68 1.99 
7:3/L 0.9891 4.19 0.9790 3.53 0.8926 1.90 0.9880 4.09 0.9925 4.40 0.81 
7:3/S 0.8290 1.43 0.8577 1.62 0.9110 2.09 0.8482 1.55 0.9652 2.86 0.30 

7:3/7:3 0.9804 3.60 0.9458 2.58 0.9520 2.54 0.9588 2.86 0.9975 5.49 2.00 

 
The degrees of goodness-of-fit of drug release profiles from 12 mm IDM 

to different mathematic equations are shown in Table. 27. for both HCT and Pro. The 
drug release profile was influenced by the increased surface area. Both Pro and HCT 
still fitted well with the zero order kinetic but the drug release from 7:3 inside tablet 
formulation were varied. The HCT in 7:3/S and 7:3/L were released by Higuchi’s model. 
The Pro release profile from 7:3/L was fitted well with Higuchi’s model but the 7:3/S and 
7:3/7:3 was fitted wall with first order. 
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Table 27  Comparison of degree of goodness-of-fit from curve fitting of drug 
dissolution profiles of HCT and Pro from 12 mm IDM containing different 
inside and outside layers (inside/outside) in distilled water. 

 
HCT 

Formula 
Zero order First order Higuchi’s Cube root Power law 

r2 msc r2 msc r2 msc r2 msc r2 msc n 

L/L 0.9976 5.25 0.9642 2.53 0.9292 1.85 0.9798 3.10 0.9996 5.26 1.15 
L/S 0.9921 4.39 0.9532 2.62 0.9106 1.97 0.9710 3.10 0.9936 4.38 1.18 

L/7:3 0.9820 3.35 0.9507 2.21 0.7698 0.80 0.9629 2.49 0.9990 5.90 2.00 
7:3/L 0.9821 3.58 0.9877 3.95 0.9920 4.39 0.9860 3.43 0.9930 4.29 0.56 
7:3/S 0.9938 4.29 0.9944 4.39 0.9959 4.69 0.9942 4.36 0.9960 4.31 0.54 

7:3/7:3 0.9903 3.83 0.9882 3.64 0.9634 2.51 0.9890 3.71 0.9927 3.72 1.99 
Pro 

Formula 
Zero order First order Higuchi’s Cube root Power law 

r2 msc r2 msc r2 msc r2 msc r2 msc n 

L/L 0.9990 6.08 0.9734 2.83 0.8997 1.63 0.9854 3.43 0.9998 7.35 1.07 
L/S 0.9921 4.34 0.9576 2.66 0.9280 2.06 0.9715 3.06 0.9960 4.76 1.39 

L/7:3 0.9945 4.39 0.9618 2.47 0.9052 1.69 0.9753 2.90 0.9986 5.36 2.00 
7:3/L 0.9557 2.75 0.9821 3.66 0.9967 5.35 0.9746 3.31 0.9969 5.22 0.49 
7:3/S 0.9940 4.71 0.9944 4.79 0.9882 4.04 0.9929 4.59 0.9947 4.64 0.79 

7:3/7:3 0.9958 5.04 0.9981 5.80 0.9781 3.38 0.9980 5.75 0.9983 5.71 0.78 

 
11.3.2. Outside drugs loaded formulation 

The increasing surface area could affect the drug release profile. This 
hypothesis was confirmed by the results in ODM. Almost of them was released with 
zero order kinetic especially in HCT loaded formulation (Table. 28). The cube root law 
was only found in 7:3/L for HCT loaded formula. Unlike the Pro loaded formulation, 
variety of drug release pattern was obtained. The first order was fitted well with the drug 
release from both L/7:3 and 7:3/L formula but the cube root law was the best described 
in 7:3/7:3 formula. The release kinetics are shown in Table. 28 for both HCT and Pro.  

By comparison for the drug types, the increasing of surface area 
influenced on drug release profiles of Pro loaded formula more apparent than that of 
HCT loaded formula. The drug loaded in 7:3 L:S exhibited the drug release which 
various pattern. Almost of drug loaded in L showed the best fit with the zero order 
kinetic.  
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Table 28 Comparison of degree of goodness-of-fit from curve fitting of dissolution 
profiles of HCT and Pro from ODM formula with different inside and 
outside layers (inside/outside) in distilled water. 

 
HCT 

Formula 
Zero order First order Higuchi’s Cube root Power law 

r2 msc r2 msc r2 msc r2 msc r2 msc n 

L/L 0.9992 6.27 0.9613 2.45 0.9047 1.55 0.9809 3.18 0.9994 6.19 0.94 
S/L 0.9977 5.29 0.9757 2.92 0.9057 1.56 0.9908 3.89 0.9995 6.39 0.86 

7:3/L 0.9897 3.91 0.9959 4.82 0.9860 3.60 0.9983 5.81 0.9969 4.79 0.68 
L/7:3 0.9955 5.04 0.9905 4.29 0.9579 2.80 0.9927 4.55 0.9961 4.94 1.17 
S/7:3 0.9958 5.07 0.9861 3.91 0.9428 2.46 0.9903 4.24 0.9994 6.80 1.54 

7:3/7:3 0.9960 5.16 0.9885 4.11 0.9437 2.47 0.9915 4.41 0.9990 6.33 1.44 
Pro 

Formula 
Zero order First order Higuchi’s Cube root Power law 

r2 msc r2 msc r2 msc r2 msc r2 msc n 

L/L 0.9903 3.84 0.9689 2.58 0.9548 2.30 0.9869 3.54 0.9960 4.31 0.79 
S/L 0.9938 4.28 0.9608 2.44 0.9578 2.36 0.9832 3.29 0.9968 4.55 0.82 

7:3/L 0.9691 2.90 0.9984 5.85 0.9844 3.54 0.9946 4.66 0.9966 4.83 0.58 
L/7:3 0.9820 3.73 0.9877 4.11 0.9811 3.68 0.9868 4.05 0.9894 4.12 0.67 
S/7:3 0.9975 5.68 0.9939 4.79 0.9645 3.03 0.9961 5.23 0.9977 5.62 0.93 

7:3/7:3 0.9968 5.42 0.9981 5.96 0.9813 3.67 0.9985 6.22 0.9988 6.22 0.80 

 
11.4. Drug release pattern of tablet in different pH dissolution fluids 

 The effect of pH by varying the type of dissolution medium on the drug 
release from selected matrix tablet was investigated. The release pattern from 8 mm 
IDM L:S formula showed best fit with the zero order for both Pro and HCT in distilled 
water but the release profile of some drug in PBS or HBS did not followed the zero 
order kinetic (Table. 29). The release pattern of HCT in HBS pH 1.2 was the first order 
however it was remained zero kinetic when observed in PBS pH 7.4. For Pro, the effect 
of pH did not influence on the dissolution profile of this drug. The zero order still 
remained the good fitted model for both drugs released in HBS and PBS.  
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Table 29 Comparison of degree of goodness-of-fit from curve fitting of dissolution 
profiles of HCT and Pro from 8 mm IDM L/S formula in different pH 
buffer media. 

 
HCT 

medium 
Zero order First order Higuchi’s Cube root Power law 

r2 msc r2 msc r2 msc r2 msc r2 msc n 

pH 1.2 0.9520 2.59 0.9974 5.52 0.9873 3.92 0.9898 4.14 0.9952 4.67 0.52 

distilled water 0.9905 4.26 0.9606 2.83 0.9574 2.76 0.9764 3.35 0.9951 4.72 1.00 

pH 7.4 0.9979 5.83 0.9637 2.98 0.8425 1.51 0.9792 3.54 0.9900 4.10 2.00 

Pro 

medium 
Zero order First order Higuchi’s Cube root Power law 

r2 msc r2 msc r2 msc r2 msc r2 msc n 

pH 1.2 0.9862 3.78 0.9651 2.86 0.9026 1.83 0.9730 3.11 0.9983 5.61 2.00 

distilled water 0.9906 4.26 0.9540 2.72 0.9234 2.12 0.9696 3.13 0.9952 4.80 1.33 

pH 7.4 0.9927 4.55 0.9728 3.24 0.9262 2.24 0.9811 3.60 0.9926 4.35 2.00 

 
12. Estimate parameter from curve fitting of drug release profile of double layer 

tablets 
In order to compare the drug release rate from double layer tablet, some 

estimate parameters from dissolution curve fitting of double layer tablets are concluded 
as shown in Table. 30 to Table. 33. Almost of drug release profile from double layer 
tablets was zero order, thus the estimate parameter from the zero order fitting was used 
to compare the drug release rate and the n exponent from power law was shown to 
confirm the suitable drug release model for each formulation. The sole and combined 
drug formulations were excluded according to the objective of their studies was only to 
investigate the behavior of the increasing L amount on drug release and the effect of 
drug combination on the release profile which was used to select the interesting base 
between L:S to prepare the double layer tablet which was 7:3 L:S.  
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Table 30 Drug release model and estimate parameters from curve fitting of drug 
dissolution for double layer tablets with 8 mm IDM formulation. The k 
and tl was obtained from zero order fitting and the n exponent was 
obtained from power law expression. 

 
Formula Model fitted k ± SD*-1 tl ± SD n ± SD 

HCT in L/L Zero order 0.0061 ± 0.0030 18.52 ± 3.74 1.47 ± 0.25 

HCT in L/S Zero order 0.0023 ± 0.0007 16.59 ± 7.02 1.00 ± 0.12 

HCT in L/7:3 Zero order 0.0037 ± 0.0023 50.49 ± 8.55 1.24 ± 0.33 

HCT in 7:3/L First order 0.0014 ± 0.0006 40.62 ± 11.39 0.67 ± 0.08 

HCT in 7:3/S Zero order 0.0004 ± 0.0002 -176.28 ± 26.34 1.06 ± 0.89 

HCT in 7:3/7:3 Zero order 0.0009 ± 0.0004 74.20 ± 10.45 1.01 ± 0.25 

Pro in L/L Zero order 0.0062 ± 0.0021 10.74 ± 2.37 1.29 ± 0.08 

Pro in L/S Zero order 0.0025 ± 0.8684 -4.39 ± 6.56 1.33 ± 0.18 

Pro in L/7:3 Zero order 0.0036 ± 0.0031 29.57 ± 11.03 2.00 ± 1.38 

Pro in 7:3/L Zero order 0.0016 ± 0.0005 -16.94 ± 9.48 0.81 ± 0.07 

Pro in 7:3/S Higuchi 0.0005 ± 0.0007 -257.88 ± 73.77 0.30 ± 0.04 

Pro in 7:3/7:3 Zero order 0.0012 ± 0.0005 1.39 ± 12.06 2.00 ± 0.28 
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Table 31 Drug release model and estimate parameters from curve fitting of drug 
dissolution for double layer tablets with 12 mm IDM formulation. The k 
and tl was obtained from zero order fitting and the n exponent was 
obtained from power law expression. 

 
Formula Model fitted k ± SD*-1 tl ± SD n ± SD 

HCT in L/L Zero order 0.0061 ± 0.0017 21.53 ± 2.28 1.15 ± 0.18 

HCT in L/S Zero order 0.0031 ± 0.0010 11.92 ± 5.36 1.18 ± 0.19 

HCT in L/7:3 Zero order 0.0061 ± 0.0041 17.74 ± 5.24 2.00 ± 0.31 

HCT in 7:3/L Higuchi 0.0006 ± 0.0003 -62.29 ± 18.76 0.56 ± 0.07 

HCT in 7:3/S Higuchi 0.0002 ± 0.0001 -140.90 ± 23.32 0.54 ± 0.23 

HCT in 7:3/7:3 Zero order 0.0005 ± 0.0002 88.76 ± 16.48 1.99 ± 2.31 

Pro in L/L Zero order 0.0065 ± 0.0012 14.08 ± 1.18 1.07 ± 0.04 

Pro in L/S Zero order 0.0035 ± 0.0012 4.86 ± 4.47 1.39 ± 0.24 

Pro in L/7:3 Zero order 0.0061 ± 0.0026 10.31 ± 2.88 2.00 ± 0.55 

Pro in 7:3/L Higuchi 0.0009 ± 0.0006 -84.23 ± 25.90 0.49 ± 0.02 

Pro in 7:3/S Zero order 0.0004 ± 0.0001 -177.62 ± 12.80 0.79 ± 0.15 

Pro in 7:3/7:3 Cube root 0.0008 ± 0.0002 26.21 ± 6.94 0.78 ± 0.05 
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Table 32 Drug release model and estimate parameters from curve fitting of drug 
dissolution for double layer tablets with ODM formulation. The k and tl 
was obtained from zero order fitting and the n exponent was obtained 
from power law expression. 

 
Formula Model fitted k ± SD*-1 tl ± SD n ± SD 

HCT in L/L Zero order 0.0090 ± 0.0024 -0.92 ± 1.52 0.86 ±  0.04 

HCT in S/L Zero order 0.0093 ± 0.0016 -0.73 ± 0.93 0.94 ± 0.06 

HCT in 7:3/L Cube root 0.0044 ± 0.0022 -14.56 ± 5.39 0.68 ± 0.08 

HCT in L/7:3 Zero order 0.0008 ± 0.0002 -16.94 ± 7.13 1.54 ± 0.13 

HCT in S/7:3 Zero order 0.0007 ± 0.0002 -72.73 ± 7.86 1.17 ± 0.18 

HCT in 7:3/7:3 Zero order 0.0007 ± 0.0001 -54.09 ± 7.02 1.44 ± 0.13 

Pro in L/L Zero order 0.0099 ± 0.0045 -2.78 ± 2.60 0.82 ± 0.11 

Pro in S/L Zero order 0.0104 ± 0.0059 0.79 ± 3.07 0.79 ± 0.10 

Pro in 7:3/L First order 0.0045 ± 0.0035 -22.53 ± 8.45 0.58 ±  0.04 

Pro in L/7:3 First order 0.0008 ± 0.0001 -89.37 ± 5.15 0.93 ± 0.06 

Pro in S/7:3 Zero order 0.0008 ± 0.0003 -132.60 ± 14.46 0.67 ± 0.07 

Pro in 7:3/7:3 Cube root 0.0007 ± 0.0001 -131.82 ± 6.54 0.80 ± 0.04 
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Table 33 Drug release model and estimate parameters from curve fitting of drug 

dissolution for 8 mm L/S formula in hydrochloric buffer medium pH 1.2 
(HBS), Distilled water (DIW) and phosphate buffer medium pH 7.4 
(PBS). The k and tl was obtained from zero order fitting and the n 
exponent was obtained from power law expression. 

 
Formula Model fitted k ± SD*-1 tl ± SD n ± SD 

HCT in HBS First order 0.0031 ± 0.0026 -33.53 ± 14.74 0.52 ± 0.03 

HCT in DIW Zero order 0.0023 ± 0.0007 16.59 ± 7.02 1.00 ± 0.12 

HCT in PBS Zero order 0.0016 ± 0.0002 1.12 ± 3.92 2.00 ± 0.59 

Pro in HBS Zero order 0.0018 ± 0.0008 41.28 ± 8.14 2.00 ± 0.38 

Pro in DIW Zero order 0.0025 ± 0.8684 -4.39 ± 6.56 1.33 ± 0.18 

Pro in PBS Zero order 0.0012 ± 0.0003 -1.89 ± 8.14 2.00 ± 0.61 
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CHAPTER V 
DISCUSSION 

 
Physical properties of tablet 
Physical properties of single layered tablet 
 Tablets containing single or combined drug exhibited the same physical 
properties. The increasing of L enhanced both tablet weight and hardness due to the 
higher density of L than that of S. Typically, the natural waxes contained many types of 
fatty compound as mentioned by Ruguo et al. (2011). The many types of fatty 
compounds influenced the molecular compact therefore the density of wax comprising 
of these compounds were lower than that of L which composed of only a unique 
structure. Hence the tablet made from high ratio of L on S was heavier than the tablet 
containing high content of S. This also influenced on the hardness. Narine and 
Marangoni (1999) stated that the high fractal ratio from the wax component lowered the 
hardness. The fractal ratio was obtained from the number of each compound existed in 
each wax such as fatty acid and fatty alcohol. The arrangement of each compound in 
wax had a variety pattern, therefore the overall structure of those waxes did not 
compact well and to be brittle when it was fabricated into tablet. In case of L, Sperati et 
al. (1953) reported the effect of molecular structure of polyethylene on the physical 
properties which were varied depending on chain branching and polymer molecular 
weight. From this reason, it could state that L arranged themselves with better 
alignment than those of S thus it could more compact and had more density than those 
of S. As the reason described above, the tablet loaded high amount of L could promote 
heavier weight and more hardness. However, the decrement of hardness was found on 
10:0 L:S tablet. This phenomenon could describe by the visual observation for the tablet 
hardness test. The tablet containing L and S especially for 7:3 and 8:2 L:S could absorb 
more pressure force from the hardness tester. The tablet was shrunk before cracked 
unlike those made from S which the tablet easily cracked when it was pressed by the 
tester. This might be the nature of S which was hard but fragile due to the chemical 
arrangement as described previously unlike the L which the chemical structure is linear 
hence it could absorb more force resulted on the more flexible property. When S was 
incorporated together with L,  
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the tablet was both hard from S and flexible from L hence it could produce the tablet 
more hardness and toughness than the tablet made from 10:0 L:S.  
 
Physical properties of double layered tablet 
 The hardness of double layered tablet was varied depending on many factors 
such as the ratio of L on S, the size of inside tablet and thickness of outside layer. 
Zema et al. (2012) stated the influence of heating on the hardness of injection molding 
tablet due to chemical structure arrangement and type of polymer whether thermoset or 
thermoplastic. The tablet made from 7:3 L:S as inside tablet showed more hardness as 
the reason described previously.  The bigger size of inside tablet indicating the thinner 
of outside layer produced the higher tablet hardness, therefore the inside layer played 
the more important role on the tablet hardness. Actually, the thicker of outside layer 
should produce higher hardness as reported by Phaechamud et al. (2008). They 
investigated the physical properties of compressed three layered tablet which the 
increasing amount of barrier layer produced higher tablet hardness. It might be due to 
the difference of tablet preparation which the hardness of molded tablet depended on 
the molecular arrangement of the compounds in the tablet. The bigger IDM tablet, 12 
mm IDM, had the lower contrast of molecular arrangement than the small tablet due to 
the lower shell layer thickness therefore the molecular structure might align continuously 
than the smaller IDM tablet hence the hardness of the bigger IDM tablet was higher 
than the smaller one.   
 
Simultaneous determination of Pro and HCT combined system via first derivative 
UV-spectrophotometry 

Typically, it is difficult to determine the amount of each compound for 
pharmaceutical dosage form containing two or more types of drugs and/or other 
compounds. Ultraviolet spectroscopy cannot pose appropriately to separate the 
overlapped spectra of drug and/or compound therefore it is not possible to determine 
the drugs content without interference of other compounds hence the derivative UV-
spectroscopy should be applied. Derivative UV-spectroscopy is one in variety ways to 
determine drug content with interference of other compounds (Ojeda et al., 2004). The 
second derivative UV-spectrophotometry technique was employed to determine the 
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amount of each drug in combined formulation of pseudoephedrine hydrochloride and 
triprolidine hydrochloride (Sripong et al., 2009). First derivative spectroscopy was a good 
reliable and suitable technique to simultaneously determine the combine of Pro and 
HCT as this part of experiment was recently published (Choncheewa and Phaechamud, 
2012) 
 
Drug release from sole drug loaded formulation  
 Both Pro and HCT in sole drug loaded formulation showed the similar trend of 
drug release. Increasing content of L promoted the higher drug release. This 
phenomena occurred only when the ratio of L was lesser than S. In formulation with 
ratio of L higher than S, the drug release rate slowed down (7:3 and 8:2 L:S for HCT 
and 8:2 for Pro).  Typically, the drug release should increase as the content of 
hydrophilic polymer in hydrophobic matrix increased due to its hydrophilic property of 
the first one which could tune up the matrix erosion (Lu et al., 2007; Jannin et al., 
2006). The incorporation of L could promote the drug release from lipid matrix and 
moreover the increment of L enhanced the drug release from the lipid matrix prepared 
from glyceryl palmitostearate (Jannin et al., 2006). Interestingly, this experiment showed 
the conflict result with those of Lu et al. (2007) and Jannin et al. (2006). The sustained 
drug release profiles from those ratios could be explained with the visual observation of 
the matrix tablets. The matrix tablet containing the higher ratio of L on S formula during 
dissolution testing (7:3 and 8:2 for HCT and 8:2 for Pro, respectively) revealed the 
swollen tablet unlike those of the lower content of L on S formulation which the tablet 
appeared to be eroded. This result could confirm by the water sorption and erosion 
study. L could form gel depending on its concentration and temperature (Dumortier et 
al., 2006) hence the swelling of tablet which contained high content of L was owing to 
the gel formation. According to the swollen of matrix tablet from the higher ratio of L 
formulation, the drug release was sustained. However, the tablet containing lower 
content of L did not swell because the main component was S, therefore the polymer 
concentration might not be enough to perform to be the gel structure thus the tablet was 
eroded easily. These swelling and erosion were confirmed by the %water sorption and 
erosion results. However, the swollen of L was suspected because the drug release 
from 10:0 L:S which was prepared from pure L showed rather fast drug release and the 
tablet was completely dissolved in the dissolution medium. The key might be in the 
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other compound of the formulation. It might be possible that the other compound could 
interact with the L or S which were the matrix bases system and hence resulted in the 
formation of non-eroded and swollen matrix tablet. Therefore, the physicochemical 
characterization was examined. The data obtained from DSC, PXRD, FTIR and HSM 
showed no interaction occurred between the drug and matrix bases except for the low 
amount of HCT in L which could be the solid dispersion. Therefore, the chemical 
interaction was excluded. Physical properties were aimed to clarify this result. The 
property of L is the thermoreversible gel which can become a gel depending on its 
concentration and the temperature (Dumortier et al., 2006). However, the major 
drawback of the gel from this polymer is its rapid erosion therefore it is not suitable to 
be used to prepare the sustained release formulation (Gratieri et al., 2010 ; Kojarunchitt 
et al., 2011). However, this drawback could be solved by adding hexamethylene 
diisocyanate into this polymer chain to overcome the rapid erosion of L and that it could 
prolong the drug release over 40 days (Cohn et al., 2003). However, the more easy 
method to provide the sustained release from L was also reported. Dumortier et al. 
(2006) reviewed the use of poloxamer 407 on pharmaceutical application and reported 
the method to provide the sustained release from L by strengthening the gel structure 
using the addition of other compounds into the gel structure. The same method was 
also stated by Liu et al. (2009). They strengthened the gel structure by adding 
carrageenan to prolong the release of vaginal insert formula. The gel structure of L 
occurred by the rearrangement of PPO and PEO unimer of polymer chain. In the 
dissolution medium, the PPO firstly dehydrated and formed the inner layer micelle then 
PEO formed outer layer micelle due to its hydrophilic property. The spherical micelle 
was then attributed packing each other if it had enough polymer concentration to 
become a gel (Kojarunchitt et al., 2011). The rapid erosion of L was from the rapid 
decrease of polymer concentration in the access amount of dissolution medium. The gel 
structure was unpacked and became a micelle then dissolved out into the medium. 
Therefore, the strengthen gel structure was done by supporting the network by adding 
the polymer such as carrageenan, methyl cellulose or dextran. Those polymers 
supported the micelle network by interacting with hydrophilic PEO block through 
entanglement, facilitating and scaffolding (Kojarunchitt et al., 2011). From the reason 
described above, it was possible that S, Pro or HCT might influence on the micelle 
network of L and therefore the sustained release occurred. From the experiment of 
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Kojarunchitt et al. (2011), they reported the effect of drug content and carrageenan on 
the sustained release of L based system of vaginal tablet. The experiment found that 
the content of drug could also significant affect the drug release from poloxamer based 
system. The drug release rate decreased as content of acyclovir increased. According 
to the results, it could be concluded that all components physically influenced the 
micelle network of L and hence the gel was stabilized and promoted the sustained drug 
release. However, the prolongation of drug release for the Pro loaded formula used the 
higher amount of L on S (8:2 L:S) could be described by the decrement of gel strength 
by chloride ion as previously reported (Dumortier et al., 2006). The chloride ion was 
from the salt of Pro which was liberated after Pro dissolved. Moreover, from the high 
water soluble of Pro, the many of pores inside matrix tablet were presented lead to high 
content of dissolution medium penetrated into the matrix tablet. Therefore, Pro loaded 
formula needed to use more content of L to overcome the effect of the liberated ion. In 
case of the lower content of L on S formulation, the polymer concentration was not 
enough to form gel structure or the gel network could not form because the high content 
of S which was the dissolution barrier hence the matrix tablets with lower content of L 
on S gradually eroded after contact to dissolution medium. Therefore, the increment of 
L could promote the higher drug release which was previously reported for an 
incorporated hydrophilic substance into hydrophobic matrix (Jannin et al., 2006).   
 
Drug release from combined drug loaded formulations 

The drug release from combined drug loaded formulation was similar to that of 
the HCT sole drug loaded formulation. The 7:3 could sustain for both Pro and HCT. The 
addition of HCT and Pro together could overcome the decrement of gel strength by 
hydrochloride salt of Pro. The drug release from Pro was faster than that from HCT 
according to the hydrophilic property of Pro.  

As reported by Siepman and Gopferich (2001), the drug release from erodible 
polymer was separated in to two cases, surface or bulk eroding polymer. The drug 
release from L and the lower ratio of L on S formulation was surface eroded which the 
polymer dissolution was much faster than the water intrusion into the polymer bulk 
hence the drug was released upon the erosion front of the tablet and/or diffusion from 
the diffusion front of the tablet as shown in Fig. 41. 
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Fig 41  Schematic of the concentration profile of the drug within surface eroding 
polymer (Siepman and Gopferich, 2001). 
 
From the reason described above, the hydrophilic drug like Pro could release form both 
diffusion and erosion but the hydrophobic drug such as HCT was mainly released by 
erosion only, therefore, Pro could release much faster than HCT. The release of Pro 
was significantly faster than HCT as the ratio of L was higher in the formulation. The 
high ratio of L promoted the high water penetration into the tablet which promoted the 
longer diffusion front (R) as shown in Fig. 41 Therefore, the solubility of drug could play 
more significant impact on the drug release profile. 
 
Drug release from double layered matrix tablet 

Double layer tablet in this study was designed to control the drug release with 
the zero order profile and prolong the drug release. The design of tablet was mainly on 
the controlling surface area of matrix tablet. Many tablets have been designed to control 
the surface area for drug release such as the donut or ring shape tablets (Kim, 1995) or 
the other shape such as core-in-cup tablet and compressed coated tablet which have 
been previously reviewed (Efentakis and Politis, 2006). However, the double layered 
tablet prepared from that experiment has not been commercialized yet due to the 
problem of tableting process. The design of tablets in this experiment was based on the 
restriction of drug release surface area. The drug-loaded tablet was used as inside 
tablet then the surface around the inside tablet was shielded by the outside layer 
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without drug loading. Therefore, the drug loaded tablet which was inside layer allowed 
the drug release occurred mainly on the top and bottom of tablet only. The outside drug 
loaded formula was also investigated in order to study the sustained drug release from 
outside shell when the inside was restricted. Moreover, drug release profiles obtained 
from the outside drug-loaded formulation could be used to describe the disappearance 
of the outer layer in the inside drug loaded formulation which promoted the biphasic 
drug release profiles.  
 
Drug release from 8 mm inside drug loaded double layered matrix tablet 

The 8 mm IDM showed the faster drug release when inside tablet was L 
whereas the 7:3 L:S inside tablet showed the slower drug release. This was due to the 
rapid erosion of gel structure of L as previously reported. Type of outer shell also 
influenced on drug release. S could completely protect surface area around the inside 
tablet thus the drug release mainly occurred on the top and bottom of IDM. In the other 
hand, L used as outer layer did not protect the surface area around the inside layer 
because of its rapid erosion hence the drug release was very fast. In case of 7:3 L:S 
used as outer shell, the release profile was sustained but still faster than the outside 
layer made from S because the 7:3 L:S could slower the drug release owing to the 
strengthen gel. However, it still did not completely blocked the surface area around 
inside tablet hence it showed greater drug release than S but slower than L. Biphasic 
drug release was found in L/7:3, 7:3/L and 7:3/7:3 L:S. Since the outer shell was 
completely eroded and subsequently the surface area around the inside tablet was 
suddenly increased resulted in the increasing of the later phase drug release. The 
biphasic drug release was evident for the tablet which its release surface area changed 
(Efentakis and Politis. 2006). When the outside layer was S, the surface area around 
inside tablet did not altered because it completely blocked the dissolution medium from 
the surrounding area. Therefore the L/S and 7:3/S did not exhibit the biphasic drug 
release whereas the L/L was rapidly eroded. The erosion rate of the same type polymer 
was not different therefore the biphasic drug release was not found in this tablet.  

 
Drug release from 12 mm inside drug loaded double layered matrix tablet 

The effect of surface area on drug release has been mentioned previously 
(Missaghi et al., 2010). Therefore, the tablet was designed to study the effect of 
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increasing surface area on drug release profile. Drug release from both L and 7:3 L:S 
12 mm inside tablet (IDM) was faster than that of 8 mm IDM tablets because of much 
more surface area on the top and bottom of 12 mm IDM. The drug release of L used as 
inside tablet was varied depended on the outer layer. The release profile was similar 
when outer layer was L or 7:3 L:S but S could produce the more prolongation of drug 
release than those of two type outside layers. This result was different from that of the 8 
mm IDM which the outer layer was L resulted in the fastest release followed by 7:3 and 
S, respectively. Therefore the outer layer made from 7:3 L:S did not apparently 
influence the sustained drug release in 12 mm IDM because the rather thin outer layer 
caused the rapidly erosion unlike that of S. The outer shell did not erode when S was 
outer shell thus the surface area was lesser than those of two formula. The biphasic 
drug release was also found in 7:3/L and 7:3/7:3 formula which the shift point occurred 
at 60 and 90 min, respectively, indicating the L outer layer almost eroded within 60 min 
and 90 min for 7:3 L:S, respectively.  
 
Drug release from outside drug loaded double layered matrix tablet 
 The fastest drug release was found for ODM formula when compared with the 
other type of prepared double layer tablets. Almost drug release was archived at only 
90 min for drug loaded in L formula. The sustained drug release was found for tablet 
using L as outside layer in ODM of 7:3/L which could prolong the drug release up to 
150 min. Small amount of drug was incorporated into the 7:3 L:S inside layer from 
preparation process hence the drug release was slower than those of L/L and S/L 
formula. In case of drug loaded in 7:3 L:S ODM formulation, the drug almost released at 
the same rate for L/7:3, S/7:3 and 7:3/7:3 formula because the surface area played 
more significant role on drug release. The surface area of ODM was greater than that of 
IDM and the swellable 7:3 L:S could obstruct the hole from the erosion of the inside 
layer tablet especially when L was used as inside tablet. The hole obstructed by the 
swelling of outer shell was reported in the donut shape tablet fabricated with too small 
hole (Kim, 1995). For S/7:3 and 7:3/7:3 formula, the inside tablet did not erode when S 
was inside tablet and gradually eroded when 7:3 was used as inside tablet. The slow 
erosion of 7:3 inside tablet was overcome by the swelling of the outer layer as same as 
in L/7:3 formula. According to the result, the surface area of drug release in 7:3 L:S 
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ODM tablet did not different  thus the drug release profiles from these formula was not 
quite different.  
 
Drug release into different dissolution fluids 
 HCT could release into HBS faster than into distilled water and PBS. In the 
other hand, the release of Pro in distilled water was almost fastest whereas the slower 
drug release was evident in the two remaining buffers. Pro dissolution was lowered by 
the effect of the salt in dissolution medium especially common ion effect like chloride 
ion from HBS (Pandit and Wang, 1998). A major role of the decrement of Pro 
dissolution was from the common ion effect and ionic strength which influenced on the 
dissolution of ionized drug (Zahirul and Khan, 1996). HCT dissolution did not depend on 
type of buffer medium, however the manufacture processes or the other component in 
the formulation could influence on the drug release profile (Lee et al., 2002) . The 
variation of HCT release profiles in this experiment should be due to the difference of 
gel structure in matrix tablet during dissolution. In HBS, the gel structure was loosen by 
hydrochloride as previously described, therefore the HCT in HBS released faster than 
those in the PBS and distilled water. However, Pro released in distilled water was faster 
than the other two buffers because the dissolution of drug decreased by the common 
ion in later two dissolution fluids. Although the loosen gel network was occurred in HBS 
but the drug dissolution might play more important role on drug release thus the release 
of Pro in those HBS and PBS was slower than in distilled water.  
 
Drug release from compressed tablet 
 This experiment was to compare the drug release from molded tablet and 
compressed tablet. The surface area of those two types of tablet was fixed to be equal. 
The drug release from compressed and molded tablet increased as content of L 
increased in 3:7, 5:5 and 10:0 L:S, respectively. While the drug release was slower for 
7:3 L:S due to the strengthen of gel network as previously described. Although, the drug 
release from both compressed and molded tablets was the same trend but the 
compressed tablet showed the apparently faster drug release than molded tablet. The 
slower HCT released from the isomalt-based molded tablet than the isomalt-based 
compressed tablet has been claimed previously (Ndindayino et al., 2002). The 0:10 L:S 
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compressed tablet could release only small amount of drug unlike the molded tablet 
which the drug release did not occur. The dissolution medium could easily penetrate 
into the compressed tablet because the compound was only mixed and compressed for 
fabricating into tablet, therefore the pore at the tablet surface could possibly occur which 
depended on many factors such as compression force which could affect the drug 
release profile (Yoon and Lim, 2009). For the molded tablet produced by melting and 
molding, the drug and the base were mixed homogeneously therefore the pore was 
fewer than that of compressed tablet. Moreover, the gel formation during dissolution test 
from molded tablet could promote the more continuously network because it was mixed 
homogeneously unlike the compressed tablet which particle of L was not connected 
completely together thereafter the obtained gel structure might loosen.  
 
Water sorption and Erosion 
 The water sorption and erosion were determined in order to profoundly 
understand the drug release behavior. Many researches have used these parameters to 
describe the drug release (Sriamornsak et al., 2007; Quinten et al., 2009). The water 
sorption increased as the L content increased in HCT loaded tablets except for the 10:0 
L:S which the tablet was completely eroded. For Pro loaded tablet, the increasing water 
sorption was followed by the increment of L with maximum at 5:5 L:S. The 7:3 and 10:0 
L:S tablets completely eroded. The tablet prepared from 8:2 L:S could remain in 
dissolution medium but the water sorption was lesser than that of the 5:5 L:S tablet. 
The incorporation of L could produce more water uptake into the matrix tablet from its 
hydrophilicity. However, tablet prepared with some base ratio could not measure for the 
%water uptake because it completely eroded. In case of erosion, the tablet erosion also 
increased as the L content increased except for HCT loaded in 7:3 L:S tablet since the 
erosion decreased from the strength of gel network as described previously. The same 
result was found in 8:2 L:S Pro loaded tablet which the erosion was lesser than that of 
5:5 L:S tablet as confirmed from the gel formation by visual observation. The tablet 
comprising high L content (7:3 or 8:2 L:S) could swell in the dissolution medium unlike 
those of the other formula which the tablet did not swell but erode. The water uptake 
and erosion in combined formulation were found as the same trend as found in the sole 
drug loaded tablet. The increased L amount could produce much more water 
penetration into the tablet which produced high %water uptake but the high enough of L 
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concentration (7:3 L:S) the tablet could swell and result in the decrease of the tablet 
erosion. 
 
Physicochemical properties 
Thermogravimetric analysis (TGA) 

Practically, TGA thermogram can demonstrate the degradation temperature. 
Almost of compounds used in this experiment did not degrade at the preparation 
temperature. However, the results performed only the unchanged weight under the 
temperature therefore the degradation products might occur with the same weight 
hence the experiment need to further investigation to confirm the stability of the matrix 
tablet which was discussed later. HCT showed the degradation at the thermal range of 
300 to 350 ºC as same as previous reported (Menon et al., 2002). This drug 
degradation was due to the thermal oxidation which the HCT might react with oxygen or 
air in the system (Menon et al., 2002). In case of Pro, the one step thermal degradation 
was found in this experiment which was different from the report of Macêdo et al. 
(2000). They reported the 4 steps degradation of Pro at 285.6, 324.1, 667.2 and 898.1 
ºC, respectively. Those 4 steps degradation were from the volatile of the degraded 
product. The difference of the result might be owing to the difference of study condition. 
In this experiment, the maximum temperature was used at 550 ºC with the rate of 10 
ºC/min hence the obtained data might not quite clear therefore it was found only one 
step degradation. The thermal decomposition of L was found only one step at 392 ºC 
with the 98.65% weight loss and the decomposition temperature in this experiment was 
found at 401.5 ºC which closely with that of the previous research work. (Hritcu et al., 
2009). Unfortunately, the report of TGA for S has not been reported previously. 
However, the research for TGA of the other natural waxes has been reported. 
According to the natural waxes composed of many types of natural fat compounds 
therefore the multistep degradation was observed (Craig et al., 1971). In this experiment 
the TGA curve of S was also found multistep degradation at the temperature range from 
240 to 500 ºC. 
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Differential scanning calorimetry (DSC) 
The DSC thermogram indicated no interaction between Pro and other bases (L 

and S) but HCT could interact with L at low content (10% w/w) which was observed 
from the absent of HCT peak when mixed together with L for both PM and MS. The 
interaction might be described by the solid dispersion which usually occurred when 
hydrophobic drug was mixed with hydrophilic polymer (Dhirendra et al., 2009). For 
example, the HCT solid dispersion was found when incorporated with PEG 6000 
(Panneerselvam et al., 2010). The broad exothermic peaks of HCT were found after the 
sharp endothermic peak at 270 ºC. These broad exothermic peaks represented the 
thermal decomposition of the drug as reported previously (Pires et al., 2011). The 
melting temperature of Pro was found at 165.6 ºC (Abruzzo et al., 2011) which closely 
with this experiment at 166.7 ºC. The melting temperature of L was found at 56.20 ºC 
which closely with that of the previous report at 56.86 ºC. Moreover, the absent of 
melting peak of rofecoxib incorporated with L was evident (Ahuja et al., 2007). This 
result was also found when HCT was incorporated into L. The absent of drug melting 
peak was the surface active property of L which could promote the solubility of 
hydrophobic drug in the molten L therefore the absent of drug melting peak was 
observed (Ahuja et al., 2007). The multicomponent endothermic peaks of DSC 
thermogram were found in S indicating the multi compositions of the natural waxes. S 
composes of four components including fatty acid esters (70-82%), free fatty alcohols 
(8-14%), free fatty acids (1-4%) and hydrocarbons (1-6%) (Craig, 2007). The two sharp 
endothermic peaks of S were the melting peak of the fatty acid esters and the fatty 
alcohols because of their highest amount in S. The peak of free fatty acids and 
hydrocarbons were crowded by those two peaks (Ruguo et al., 2011). When S was 
incorporated into L, it was possible that some components of S especially for fatty ester 
and fatty alcohol were easily dissolved in the medium because their functional groups 
were rather hydrophilic. Moreover, L could promote more wettability and spreadability of 
the dissolution medium on those components from its surface active property. In 
addition, L could also interact with those parts of S to form an emulsion with was 
discussed below. Therefore, the two endothermic peaks of fatty ester and fatter alcohol 
in S were decreased together with the decreasing of L endothermic peak. From the 
decrement of two sharp peaks of S hence the other crowed peaks which the peaks of 
fatty acid and hydrocarbon were revealed.  
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Powder X-ray diffractometry (PXRD) 
The results from PXRD confirmed those of DSC results. There was no 

interaction between the model drugs and the used bases except for the 10% HCT in L 
which the drug could be solid dispersed in the L.  In case of Pro, it has three crystalline 
forms including form I, II and III. The commercial product contains the mixture of form I 
and II but almost is form II. A little difference between those crystalline forms was 
investigated by DSC, PXRD and FT-IR. The obtained PXRD data showed many 
characteristic diffractogram peaks of Pro which the almost peaks indicated crystalline 
form II of Pro (Bartolomei et al., 1999). Johnston et al. (2007) reported the two existed 
polymorphs of HCT but only form I was in the commercial. The HCT form II was a new 
synthesis as reported by Florence et al. (2005). The diffractogram of HCT in this 
experiment was the same as that reported by Johnson et al. (2007). L showed 
characteristic diffractogram peaks at 19 and 23 º2θ which exhibited the same 
characteristic with the result of previous report (Hemelrijck and Müller-Goymann, 2011). 
S has not found the report of its PXRD characterization yet. However, this experiment 
found the dominant characteristic peak of S at 21 and 23 º2θ.  Halo pattern and the 
absent of drug peak obtained from low amount of HCT in L for both PM and MS 
indicated the solid dispersion as previously discussed in DSC results. The halo pattern 
indicated the amorphous form of the compound dispersed into the bases. The halo 
pattern of meloxicam PXRD diffractogram of this drug dispersed in poloxamer 188 has 
been reported (Ambrus et al., 2009)  
 
Hot stage microscopy (HSM) 

Pro did not interact with all bases since the crystal presented and melted at its 
melting temperature and recrystallized at the temperature near its melting point. HCT 
could rarely observe their crystals which almost of them were dispersed into the L. 
Savolainen et al. (2003) reported the HSM characterization of L and other waxes based 
systems to describe the drug solubility in the molten bases and also the crystal 
structure of drug presented in each base.  The recrystallization of drug in the molten 
base was also reported by Bruce et al. (2003). They reported the characterization of 
guaifenesin recrystallization in the hot-melted extrudate. Surprisingly, the report stated 
that L and other hydrophilic polymer was a crystal growth inhibitor. It could promote the 
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wetting and solubilized the drug into them. However, this experiment found the 
recrystallization of Pro in that of L because Pro could not dissolve into the L hence it 
could still observe their crystal structure unlike those of HCT which almost of them was 
dispersed in the L thus only remained little amount of HCT crystal could be observed. 
According to the results, HCT dispersed into L at molecular level therefore the drug 
release from this drug was depending on the polymer dissolution or the loosen of gel 
network which promote the HCT release from the polymer chain unlike those of Pro 
which the drug not interacted with the other bases therefore the drug was not 
molecularly dispersed hence Pro was dissolved and diffused out into the medium easier 
than HCT and promote more variety of drug release kinetic as described later.  
 
Fourier transform-infrared spectroscopy (FT-IR) 

The FT-IR could be used to confirm the molecular interaction between each 
compound. However, the result did not indicate any interaction from each compound. 
The characteristic drug peak of IR was also found closely at wavenumber as 
characterized by Srikanth et al. (2011). Pro showed the NH stretching of secondary 
amine at 3280 cm-1, CH stretching at 2964 cm-1, the C=C stretching at 1579 cm-1, the 
O-CH2 asymmetric stretching at 1240 cm-1, the O-CH2 symmetric stretching at 1030  
cm-1 and alpha-substituted of naphathalene ring at 798 cm-1, respectively. In case of 
HCT, it exhibited the NH stretching at wavenumber over 3000 cm-1 with antisymmetric 
and symmetric stretching of those functional groups which the peak at 1604.35 cm-1 was 
C-C stretching for aromatic ring of HCT, the peak at 1252.67 cm-1 was SO2 stretching 
and the NH and NH2 bending mode vibration was found at 742.01 cm-1 , respectively 
(Aceves-Hernandez et al., 2006). In case of L, the 2891, 1343 and 1111 cm-1 were 
found as CH stretching, OH bending and CO stretching, respectively (Vyas et al., 2009). 
S has been reported for the FT-IR characterization by Edward and Falk (1997). The 
peaks at 2927 and 2928 cm-1 were the symmetrical vibration of CH3 and CH2, 
respectively, whereas those at 1462 cm-1 and 1296 cm-1 were CO stretching and CH 
twisting, respectively. 
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Contact angle (CA) and surface free energy (SFE) 
 The measurement of CA and SFE could apply to estimate the miscibility of 
many compounds as some experiments were attempted to investigate the miscible of 
hydrophobic poly (vinylidene fluoride) and hydrophilic poly (vinylpyrrolidone) (Chen and 
Hong, 2002). The CA and SFE were used to estimate the miscibility of prepared tablets 
and the dissolution medium in this research work. The results described the more 
miscibility of tablet and distilled water when L was incorporated and also compressed 
together with S. Both CA and SFE results were not quite different between compressed 
tablet and molded tablet. Therefore the miscibility of compressed and molded tablets 
with distilled water was not quite different. However, the molded tablet comprising 0:10 
L:S exhibited the higher CA than that of compressed tablet resulted in the lower SFE of 
molded tablet. This behavior could describe by the porosity from the compressed tablet 
which depended on the compression force as reported previously in the topic of drug 
release from the compressed tablet. The porosity could present at the surface of the 
compressed tablet which allowed a little drug release from the 0:10 L:S unlike those of 
the molded tablet which the porosity did not present as also reported by Ndindayino et 
al. (2002).   
 
 The physicochemical characterization of the combined formula between Pro 
and HCT was not evaluated. However, from the drug release study of combined 
formulation between HCT and Pro in the experiment of Chetty (2006), HCT and Pro did 
not exhibit the interaction. Moreover, those combined drugs are produced into the 
market as commercial named, Inderide®, (Martindale, 2007). Therefore, the interaction 
between two drugs should not be occurred hence the combined drug might not 
influence the physicochemical properties of the matrix tablet. 
  
Particle size and size distribution 
 There was the emulsion like for the dissolution medium of some test tablets. 
The o/w emulsion was found with two size distributions for 5:5 and 7:3 L:S and three 
size distributions for 3:7 L:S. The size of system from 3:7 L:S was smallest when 
compared with those of two remaining bases.  The emulsion was presented from the 
high content of surfactant together with fat compound dispersed in aqueous system with 
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an agitation from the dissolution apparatus. Some types of dosage forms could form 
into an emulsion after it dispersed in aqueous system that they are called “self-
emulsified tablets” (Tang et al., 2008). Since oil droplets were dispersed in the water 
system, the o/w emulsion occurred. As discussed above, S composed of 4 fat 
compounds which were fatty acid esters, free fatty alcohols, free fatty acids and 
hydrocarbons. Because the fatty alcohol and fatty acid ester containing hydroxyl group 
and ester group might partially dissolve in water and easily liberate from the wax 
component, then they might form the o/w emulsion owing to the surface active property 
of L. The decrement for the content of fatty alcohol and fatty ester in S could be 
observed by the decrement of the peak height of DSC thermogram of S which revealed 
the other two hindrance peaks from fatty acid and hydrocarbons, respectively.  
However, owing to the limit content of fatty alcohol and fatty ester in S, the medium 
might not contain only o/w emulsion but it was the mixture between emulsions and 
micelles. The micelles could produce from L itself, if the system contained enough 
concentration or temperature as mentioned previously. Moreover, these micelles could 
assemble themselves to be a structure called liquid crystalline (Ivanova et al., 2002). 
The liquid crystalline obtained from L could form the variety structures depended on the 
concentration and temperature such as cubic shape or hexagonal shape which from the 
single micelle and rod-shape micelle, respectively, as shown in Fig. 36. The high 
concentration (66-75% by weight) of amphiphilic molecule in the system could produce 
hexagonal micelle structure which was more dense and compact structure. In the other 
hand, the lower concentration (18 - 64% by weight) produced the cubic structure 
(Muller-Goymann. 2004; Ivanova et al., 2002). According to the structure, the size 
varied depended on the ratio of L on S. the cubic shape and single unit micelle were 
presented in the 3:7 L:S which the size was smaller than those of the 5:5 and 7:3 L:S. 
which the larger size was the hexagonal structure. 5:5 and 7:3 L:S provided two size 
distributions which might be according to the almost structure was the hexagonal and 
o/w emulsion. In contrast, the 3:7 L:S which provided three size distribution might come 
from the size of single micelle, cubic structure and the o/w emulsion. The variety of 
shape of liquid crystalline affected the drug release as described previously. The gel 
network from high content of L was hexagonal which dense and more compact 
structure than the other structure found when low amount of L presented in the formula. 
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Therefore, the formula with high content of L could prolong the drug release better than 
the low content of L.  
 

 
 

Fig 42 Cubic and hexagonal micelle from the single micelle and rod-shape micelle, 
respectively (Ivanova et al., 2002). 
 
Drug degradation at preparation and study condition 
 The drug degradation is a one major problem in pharmaceutical dosage form. 
This experiment prepared the tablets under high temperature and studied the drug 
dissolution with high amount of water. Those factors can cause the drug degradation 
with could be occurred by many pathways. The four main degradation pathways in 
pharmaceutical formulation are thermolytic, hydrolytic, oxidative and photolytic. 
Thermolytic degradation caused by exposure to temperatures high enough to induce 
bond breakage. Hydrolytic usually occurs in drug substances containing ester or amide 
group which could react with the hydrogen or hydroxyl ion from water. The oxidation 
involves with the transfer of electrons or transfer of oxygen or hydrogen from a 
substance. The photolytic degradation was due to the exposure of visible light in 
wavelength approximately 300 – 800 nm. Only radiation absorbed by a molecule can be 
effective in producing chemical changes in the molecule (Baertschi, 2005; Kim, 2004). 
From the stability report of AHFS drug information, HCT is recommended to store in 
tightly closed containers at 15 – 30 ºC and protected from light, moisture, and freezing. 
In case of Pro, it is recommended to keep with light resistant container at room 
temperature and stored in well-closed container (AHFS, 2009). Moreover, HCT could be 
affected by heat at solid state resulting to slight discoloration but there was no 
significant change to the other physical properties of compound (Chetty, 2006). The 
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photolysis of this drug occurred when it was exposed to the direct intense light. HCT 
could interact with metal ion presented in the container by oxidation reaction when 
presented with high humidity. The storage in the environmental pH range between 2.5-
11.5, HCT could be also hydrolyzed but the rate has not been reported. In case of Pro, 
it has been reported the photolysis in light and oxidation in aqueous solution and 
subsequent discoloration of solution. The maximum stability of Pro is at pH 3.0. From all 
reasons described above, it might estimate that both drugs should not be stable in both 
preparation process which the drug had to expose with the high temperature and the 
dissolution study process with the drug had to expose to the water. However, from the 
results of experiment, the contents of drug which were loaded under high temperature 
into the tablet and studied the drug dissolution within 8 hrs released their amounts 
nearly to the drug loaded amount. Together with the TGA results, it might assume that 
both drugs were not degraded under preparation temperature and dissolution study 
condition.  
 
Analysis of drug release data 
 The mathematic models of drug release were based on the real phenomena 
such as diffusion, dissolution, swelling, erosion, precipitation and/or degradation. The 
objective was to conclude the real phenomena into the mathematic model to estimate 
and describe drug release behavior from the selected formulation (Siepmann and 
Siepmann, 2008). In this experiment, five equations were used to fit the drug release 
data. Briefly, zero order is described the several types of modified drug release dosage 
form which their release depend on time. Many factors can influence on this type of 
drug release such as drug dissolution, drug diffusion, matrix swelling and erosion and 
so on. Under appropriated condition of each factor the system can promote the drug 
release with zero order. First order is described the drug release depending on its 
concentration. This is also difficult to conceptualize the real mechanism because many 
factors affect this type of drug release kinetic as same as the zero order kinetic hence 
the first order kinetic is employed to describe the release mechanism for the drug 
release mainly depended on its concentration. The Higuchi’s model is conceptualized 
the drug release from the drug diffusion from the planar matrix with some assumptions 
including (i) initial drug concentration in the matrix is much higher than drug solubility (ii) 
drug diffusion takes place only in one dimension (edge effect must be negligible) (iii) 
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drug particles are much smaller than system thickness; (iv) matrix swelling and 
dissolution are negligible (v) drug diffusivity is constant and (vi) perfect sink conditions 
are always attained in the release environment. The power law expresses the drug 
release from the dosage forms which indicates the release kinetic by n value which 
depends on shape of dosage form. For cylindrical shape such as tablet, the n value 
nearly 0.45 indicated the fickian release kinetic which the drug is released via diffusion 
control, the n value about 0.89 indicate the case-II transport which the drug is released 
depending on the swelling and erosion of polymer. The n value between those of 0.45 
and 0.89 is indicated the drug release from both diffusion control of drug and swelling 
and erosion control of the polymer. The Hixon-Crowell cube root law or shortly as cube 
root law describes the drug release from the erosion of the matrix tablet with constant of 
its geometric (Kalam et al., 2007; Siepmann and Siepmann, 2008; Dash et al., 2010)  
 The drug release kinetic of waxy material is based on the pore presented at 
the surface of tablet and the erosion rate of the tablet. The much more of water filled 
pore could present at faster drug release due to the higher water penetration. The high 
erosion rate of tablet also increased the drug release rate (Reza et al., 2003). Drug 
release from waxy material was mainly described by Higuchi’s model because the drug 
release was controlled by the pore diffusion and erosion of the matrix tablet. The rate 
limiting step of drug release was from the water penetration into tablet and drug 
diffusion out of the tablet (Ozyazıcı et al., 2006; Abdelbary and Tadros, 2008) However, 
the other drug release kinetics also found with this type of matrix tablet due to many 
factor such as the hydrophilic-lipophilic balance (HLB) of the matrix tablet, the drug 
solubility, the initial drug loaded, the type of waxy material (Jannin et al., 2006; Sudha et 
al., 2010). The major drawback of the lipid matrix was from too slow release of drug 
hence the hydrophilic polymer was incorporated into the lipid matrix to overcome this 
problem. The incorporation of hydrophilic polymers (poloxamer 188 and poloxamer 407) 
could produce faster drug release from the lipid matrix of glyceryl palmitostearate 
(Jannin et al., 2006) which the n value from Peppas model tended to increase. At first, 
as described above, the drug release from pure wax compound was closely with n 
=0.45 which indicated the fickian diffusion or Higuchi’s model but the incorporation of 
hydrophilic polymer could promote the change of n value to become approximately 
n=0.7 which indicated the anomalous transport which the drug release was controlled 
by both diffusion and swelling of the matrix tablet. The release model for tramadol 
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release from hydrogenated cotton seed oil was Higuchi’s model for pure wax tablet but 
the incorporation of PEG 4000 altered the kinetic drug release to become first order 
model. PEG 4000 could produce more porous on the surface of waxy matrix tablet 
hence the dissolution medium could more penetrate into the tablet and dissolved more 
drug and the concentration of drug inside matrix tablet was rapidly change promoting 
the loss of constant diffusion coefficient with indicating the Higuchi’s model release 
kinetic (Sudha et al., 2010). According to the change of its concentration gradient, the 
drug release kinetic was fairly fitted with first order instead of Higuchi’s model.  
 
Drug release from sole drug formulation 
 As described previously, the sole drug loaded tablets incorporated with various 
ratios between L and S were investigated for drug dissolution. The tablet made from S 
could not produce the drug release due to its high hydrophobicity. The incorporation of 
L promoted drug release from S tablet. The release was fitted well with zero order for 
HCT tablet made from 2:8, 3:7 and 5:5 L:S but the Pro tablet released with zero order 
only for the systems comprising 2:8 L:S. The increasing of L could promote more 
porous on the tablet surface hence the hydrophilic drug could more dissolve and diffuse 
out from the tablet but the concentration gradient might not steady thus the drug release 
depended on the concentration of Pro as described by first order equation for tablet 
containing 5:5 L:S. However, the 3:7 L:S was fitted well with Higuchi’s because the 
porous on the surface of tablet was lesser than that of 5:5 L:S tablet therefore the 
solubility of Pro was less significant on drug release. Pro was gradually dissolved and 
diffused out of tablet with best described by Higuchi’s model. When L amount was 
increased higher than S in formula of 7:3 and 8:2 L:S, the concentration of L was 
enough to form the gel structure in tablet as above mentioned. The gel strength 
depended on the amount of S which decreased the water penetration rate due to its 
hydrophobicity and also the type of drug loaded as seen in 7:3 L:S formula loaded with 
different drug. In case of 7:3 L:S loaded with Pro, the tablet completely eroded with 
constant its geometric shape because of the hydrophilicity of Pro and the effect of 
chloride ion as reported above. Chloride ion influenced on the lowering of gel network 
strength. Moreover, Pro could easily dissolve and diffuse because of its hydrophilicity. 
The drug diffusion can enhance the void inside the gel network which promote the 
destruction of gel network and thereafter completely dissolved hence the release profile 
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was best fitted with cube root law. Unlike the 7:3 L:S tablet loaded with HCT, the tablet 
did not completely erode but swelled. Moreover, the rate of drug release was slower 
than that of Pro. Because HCT could disperse into L it could not freely dissolve and 
diffuse. Its release depended on erosion of the matrix tablet and also its diffusivity from 
the polymer micelle or polymer structure. Therefore, HCT could promote more strength 
of gel network. Owing to the swelling of the tablet, the drug gradually dissolved and 
diffused out of that matrix and the concentration gradient of HCT was kept constant by 
the gel network hence its drug release was best described by Higuchi’s model. This 
result was similar to that of 8:2 L:S tablet which both drugs release profiles were best 
described by the Higuchi’s model. The increasing L amount could promote more 
concentration of the polymer resulted on the more compact of gel network which could 
overcome the hydrophilicity and salt effect of Pro therefore the tablet did not erode but 
swell and the drug was slowly released with the constant of concentration gradient as 
described by Higuchi’s model. The tablets made from 10:0 L:S loaded with both HCT or 
Pro were completely eroded thus the cube root law which described the drug release 
from tablet erosion with constant geometric shape was the best fitted equation for these 
tablets.  
 
Drug release from combined drug formulation 
 The kinetic of drug release from combined formulation was similar for both 
HCT and Pro. However, some of them showed the different drug release kinetics when 
compared with its sole drug formulation. The total amount of drug in combined 
formulation was higher which described previously that the amount of drug could 
influence on the gel strength. Therefore, the drug release was different from its sole 
formulation especially for Pro formulation. The 7:3 L:S tablet loaded with both drugs did 
not completely erode because drug loaded amount was higher than the sole 
formulation. The incorporation of HCT could overcome the hydrophilicity and there was 
the salt effect from Pro. Therefore, the tablet still remained in the dissolution medium. 
The drug release kinetic of 3:7 tablet was zero order for both drugs loaded tablet since 
the drugs slowly released from the porous channel at the surface of matrix tablet. The 
release rate was controlled by the tablet erosion which it might be constant. Therefore, 
the zero order drug release was obtained. The drug release for tablet containing 5:5 
was fitted well with Higuchi’s model from the reason as previously described for Pro 
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release in 3:7 L:S sole drug loaded formulation. The drug release from 7:3 L:S was 
described by first order. The one of different factor between first order and Higuchi’s 
model was the concentration gradient which was the driving force of drug diffusion 
(Siepmann and Peppas, 2001). For the assumption of Higuchi’s model, the drug has the 
constant of diffusivity. If the matrix could keep the concentration gradient of drug inside 
matrix constancy, the drug released at the same diffusion rate which depended on 
square root of time. In the other hand, if the concentration gradient could not keep 
constant, the drug release depended on its concentration which described well by first 
order kinetic. From the reason described above, the drug released from tablets 
containing 7:3 L:S could not keep the constant  concentration gradient of drug inside 
the matrix tablet therefore both drugs released via the different concentration gradient 
with described by first order kinetic. The reason for the incapability to keep the constant 
concentration gradient in swollen gel for tablet comprising 7:3 L:S might describe by the 
higher initial drug loading moreover the hydrophilicity and the salt effect from Pro could 
disturb the gel strength resulting on the loosen of gel network. For 10:0 L:S tablet, both 
Pro and HCT release could fit well with cube root law as described previously.  
 
Drug release from 8 mm IDM formulation 
 The surface area for drug release was a major factor affecting drug release. 
Many researchers investigated and attempted to design the system for drug release 
with zero order kinetic by controlling the surface area. The pie shape tablet was 
designed to control the release of water soluble drug by balancing between surface 
area and diffusion pathway. This principle was also used to design the cone shape 
tablet, biconcave tablet (Benkorah, 1996) and hemisphere tablet (Siegel, 2000). The 
control of surface erosion also provided the zero order release kinetic (Danckwert, 
1994). The core in cup was based on the surface erosion control which drug was 
loaded in core and coated by insoluble polymer which performed as cup. The water 
insoluble drug could release with zero order kinetic by the erosion which occurred only 
on the top of core tablet. This principle was also applied for controlling drug release 
from donut shape tablet (Kim, 1995). 
From the controlling release surface area, almost of drug release was described by zero 
order kinetic. The constant of the surface area could promote the zero order kinetic 
which the drug released upon time. However, the hydrophilic and hydrophobic property 
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of drug could also influence on the drug release as seen for HCT in 7:3/L formula and 
Pro in 7:3/S formula. The drug release profile from those formula was fitted well with the 
first order and Higuchi’s model for HCT in 7:3/L and Pro in 7:3/S, respectively. The 
outer shell of 7:3/L was rapidly eroded because it had only L therefore the surface area 
was not kept constant through the experiment hence the HCT released depending on 
its concentration. In the other hand, Pro in 7:3/L formula still released with zero order 
kinetic although the surface area was not kept constant. The faster release of Pro might 
balance with the release surface area since the drug was loaded in smaller tablet 
compared with single layer tablet hence the surface area was lesser than those of 
single layer tablet produced from 16 mm mold size diameter. Therefore, the release 
surface area in 8 mm IDM was lower than that of single layer tablet. The lower of 
release surface area might balance with high water soluble of Pro and promote the zero 
order kinetic of Pro loaded in 7:3/L IDM. In case of 7:3/S, Pro release was fitted well 
with the Higuchi’s model. As discussed previously, the zero order release kinetic of Pro 
loaded in 7:3/L was owing to the balance between the release surface area and the 
hydrophilic property of Pro. In this case, the surface area around the tablet was 
shielded with S therefore the surface area was only at the top and bottom of tablet. 
Unfortunately, the swelling on the top and bottom of IDM was found as dumbbell-like. 
From the increasing dissolution path length, Pro release was best fitted with Higuchi’s 
model. In case of HCT in 7:3/S tablet, the drug release was slower than Pro. Therefore, 
the drug release might mainly be controlled by the erosion of tablet and the zero order 
kinetic was fitted well.  
 
Drug release from 12 mm IDM formulation 
 Almost of drug release from this formulation was also fitted well with zero order 
kinetic but the bigger tablet showed more variety of drug release kinetics. The increased 
surface area could affect the drug release kinetic which was previously discussed. The 
bigger tablet could result on the variety of drug release mechanism. This variety of drug 
release occurred only when drug was loaded in 7:3 because the surface area was not 
kept constant due to the swelling of tablet. The different drug release kinetic between 
the same formula was described by the hydrophilic and hydrophobic property of each 
drug. Pro dissolved and diffused easier than HCT thus the variety of drug release 
mechanisms was obtained. The drug release kinetic of Pro in 7:3/L was Higuchi’s 
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because the surface area was not kept constant from the outer layer which was rapidly 
eroded hence the surface around the inside tablet was revealed whereas the first order 
release kinetic was obtained when the outside layer was S and 7:3. The formulation 
with 7:3 L:S as inside tablet promoted the swelling of matrix tablet therefore the release 
surface area on the top and bottom could not be kept constantly hence the drug release 
did not fit with zero order kinetic. As described previously, the high water solubility of 
Pro could promote the variation of drug release. In case of 7:3/S and 7:3/7:3, From the 
swelling of inside tablet and the highly water soluble of Pro resulted in the first order 
release kinetic. Unlike that of HCT, its release kinetic was Higuchi’s model in 7:3/L and 
7:3/S formulation because it slowly released. Therefore the increasing diffusion path 
length played a significant effect on its release profile. 
 
Drug release from ODM formulation 
 The high release surface area was presented from this formulation because 
the drug was loaded in outside layer. Therefore, the kinetic of drug release was varied 
especially when the drug was loaded in 7:3. Moreover, the hydrophilicity of Pro could 
promote many drug release kinetics in different formulation unlike HCT which the drug 
release was almost fitted well with zero order kinetic. Pro release from L/7:3 and 7:3/L 
could fit well with first order because the present of higher surface area and high water 
solubility of Pro. The system could not keep the concentration gradient constantly 
because high surface area promoted more penetration of dissolution medium. Therefore 
Pro release from these two formula was described by first order. In case of drug release 
from 7:3/7:3 tablet, the release profile of Pro could be described by cube root law 
indicating the drug release from erosion with constant geometric shape whereas the 
release profile of HCT was best fitted with the zero order kinetic because of its slowly 
released was balanced with matrix erosion. HCT was less water soluble than Pro, 
moreover, it was solid dispersed with L. Therefore, it was possible that the release of 
HCT was mainly controlled by the erosion of the matrix tablet which almost was 
described by zero order kinetic. Otherwise, the drug liberated from the loosen gel 
structure. It might cause the alteration of drug release kinetic which was discussed in 
the effect of pH variation. From the reason described above, HCT release from this 
system was best described by zero order kinetic. In case of Pro, the drug released 
faster because of its high water soluble property hence the drug release was not fitted 
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well with zero order kinetic However, the release was restricted by the compact and 
dense of gel structure. Therefore, the best described drug release of Pro was the cube 
root law. 
 
Drug release from pH variation  
 The drug release profiles were almost fitted well with zero order kinetic except 
for that of HCT in HBS medium. As described previously, HCT was mainly controlled by 
the erosion of matrix base because it was solid dispersed into L hence it could promote 
the zero order release kinetic. In case of HCT in HBS, the gel network was loosen by 
this medium as above mentioned. Therefore the HCT could easily liberate from the 
matrix base and the drug release was not mainly controlled by the erosion of matrix 
based but from the drug dissolution. According to the result, the release of HCT in HBS 
depended on its concentration with described by first order kinetic. As this result, Pro 
should release with not fit well with zero order kinetic because of its hydrophilicity. The 
loosing of gel network should produce the easier diffusion of Pro and resulted on the 
first order kinetic release profile as same as HCT. However, the drug release kinetic of 
Pro in this experiment was still fitted well with zero order. Pro dissolution was 
decreased by the other salt of buffer medium therefore, instead of rapidly dissolved and 
diffused out of the tablet, Pro gradually dissolved and diffused with the zero order drug 
release kinetic. 
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CHAPTER VI 
CONCLUSION 

 
 Incorporation of hydrophilic polymer could promote the higher drug release from 
wax matrix tablet. In this experiment, The 25 mg of Pro or 25 mg of HCT loaded in 
0:10, 2:8, 3:7, 5:5, 7:3, 8:2 and 10:0 L: S tablets fabricated with fusion and molding 
technique were prepared. L promoted higher drug release from S matrix tablet. The 
drug release and drug release kinetics varied depending on hydrophilicity of drug. 
Hydrophilic drug (Pro) released faster than that of hydrophobic drug (HCT) and also on 
the content of incorporated hydrophilic polymer (L). Increment of L content in tablet 
promoted faster drug release. However, for HCT loaded in 7:3 L:S and Pro loaded in 
8:2 L:S tablets, their drug release profiles were apparently sustained because the gel 
formation occurred from these tablets ,hence, they could sustain drug release longer 
than those of the lower L loaded tablets. 

For combined formulation, Pro and HCT was incorporated together in 3:7, 5:5, 
7:3 and 10:0 L:S tablets. The gel network occurred at the tablet made from 7:3 L:S, 
therefore, both drugs released slowly than the tablets made from 3:7 and 5:5 L:S for 
HCT and 3:7 L:S for Pro. The 3:7 L:S tablet showed the slowest drug release because 
the tablet composed of low content of L thus the tablet gradually eroded slower than the 
5:5 L:S tablet. Zero order kinetic was obtained for both drugs at 3:7 L:S due to the 
balance between matrix erosion and drug diffusion. The first order kinetic was drug 
release behavior for 5:5 and 7:3 L:S tablets because of the more hydrophilic property 
for promoting more drug dissolution. Cube root law could be described the drug 
released from 10:0 L:S tablet which the drug released from matrix erosion with constant 
geometric shape. 
 The restriction of drug release surface area from double layered tablet could 
promote the zero order drug release. Almost of drug released from double layered 
tablets were fitted well with zero order whereas some tablets did not fit well with zero 
order because of the release surface area and the swelling of inside layer of 7:3 L:S 
played more significant role on drug release and altered the drug release kinetic. The 
biphasic drug release was found when the outside layer was eroded rapidly resulting on 
the appearance of surface around the inside tablet and promoting the higher drug 
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release rate. By comparison for the drug released from different size of inside tablet and 
drug loaded in outside layer, it could conclude that increasing the release surface area 
promoted the faster drug release. Moreover, its release behavior could be altered from 
the zero order drug release. The increment of HCT release in hydrochloride buffer 
solution pH 1.2 (HBS) was described by the depletion of gel network in this medium. 
Pro could release fastest in distilled water whereas the common ion effect and effect of 
the other salts in buffer medium promoted the low dissolution of Pro.   
 The S which is natural product obtained as waste from shellac manufacturing 
process could be used as matrix base. The drug release from shellac wax matrix tablet 
could be tuned up by incorporation of hydrophilic polymer such as poloxamer. Zero 
order drug release could be achieved by restriction of drug release surface area as in 
form of double layered tablet.  
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APPENDICES 



 
 

 

APPENDICES I 
 

Displacement value of each drug in each base ratio of poloxamer: shellac wax 
 

Table 34 Calculated displacment value from hydrochlorothiazide (HCT) 
and propranolol hydrochloride (Pro) in various bases in various 
based of poloxamer (L): shellac wax (S) 

 
Ratios (L:S) 0:10 2:8 3:7 5:5 7:3 8:2 10:0 

F (HCT) 1.57 1.69 1.89 0.72 0.77 0.80 1.07 

F (Pro) 1.22 1.28 1.40 0.91 0.89 0.86 0.84 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

 

APPENDICES II 
 

Calibration curve of normal UV-spectrophotoscopy and first derivative UV-
spectrophotoscopy of Pro and HCT in different dissolution fluid 

 

 
Fig 43 Calibration curve of propranolol hydrochloride in distilled water at 

wavelength of 289 nm. 

  
Fig 44 Calibration curve of propranolol hydrochloride in distilled water at 

wavelength of 271 nm. 
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Fig 45 Calibration curve of first derivative spectroscopy of Propranolol 

hydrochloride in distilled water at wavelength of 297 nm. 
 

 
 
Fig 46 Calibration curve of first derivative spectroscopy of 

hydrochlorothiazide in distilled water at wavelength of 336 nm. 
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Fig 47 Calibration curve of first derivative spectroscopy of Propranolol 
hydrochloride in hydrochloride buffer solution pH 1.2 at 
wavelength of 325 nm. 

 

 
 

Fig 48 Calibration curve of first derivative spectroscopy of 
hydrochlorothiazide in hydrochloride buffer solution pH 1.2 at 
wavelength of 344 nm. 
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Fig 49 Calibration curve of first derivative spectroscopy of Propranolol 
hydrochloride in phosphate buffer solution pH 7.4 at wavelength 
of 325 nm. 

 

 
 
Fig 50 Calibration curve of first derivative spectroscopy of 

hydrochlorothiazide in phosphate buffer solution pH 7.4 at 
wavelength of 345 nm. 
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APPENDICES III 
 

Accuracy and precision determination from validation parameters 
 
Table 35 Accuracy determination from first derivative spectrophotoscopy 

analysis of propranolol hydrochloride (A) and hydrochlorothiazide 
(B) 

(A) 

% added 
PRO 

% recovery Average SD %RSD 
Placebo spiked drug added 

80 27.78 53.04 22.22 106.08 
106.59 4.65 4.36 100 27.78 61.94 27.78 111.48 

120 27.78 62.48 33.34 102.22 

 
(B) 

% added 
HCT 

% recovery Average SD %RSD 
Placebo spiked drug added 

80 27.78 46.16 22.22 92.32 
97.12 5.65 5.82 100 27.78 53.16 27.78 95.68 

120 27.78 63.17 33.34 103.35 
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Table 36 Precision determination from first derivative spectrophotoscopy 
analysis of propranolol hydrochloride (A) and hydrochlorothiazide 
(B) 

(A) 

% drug 
drug release ug/ml (day 1) 

average SD %RSD (day 1) Reproducibility Repeatibility 
1 2 3 

80 21.70 21.70 22.18 21.86 0.28 1.27 
2.44 

2.23 

100 27.00 28.29 26.36 27.22 0.98 3.61 
120 33.75 33.75 31.34 32.95 1.39 4.22 

% drug 
drug release ug/ml (day 2) 

average SD %RSD (day 2) Reproducibility 
1 2 3 

80 21.70 22.18 21.22 21.70 0.48 2.22 
2.46 100 27.00 28.29 27.00 27.43 0.74 2.71 

120 32.14 31.34 32.14 31.88 0.46 1.46 

% drug 
drug release ug/ml (day 3) 

average SD %RSD (day 3) Reproducibility 
1 2 3 

80 22.66 22.66 22.18 22.50 0.28 1.24 
1.78 100 28.29 27.64 27.00 27.64 0.64 2.33 

120 32.14 32.14 33.75 32.68 0.93 2.84 

 
(B) 

% drug 
drug release ug/ml (day 1) 

average SD %RSD (day 1) Reproducibility Repeatibility 
1 2 3 

80 20.90 21.68 21.68 21.42 0.45 2.09 
1.88 

1.57 

100 27.10 27.10 26.32 26.84 0.45 1.67 
120 33.29 32.51 30.97 32.26 1.18 3.67 

% drug 
drug release ug/ml (day 2) 

average SD %RSD (day 2) Reproducibility 
1 2 3 

80 20.13 20.90 20.90 20.64 0.45 2.17 
1.98 100 25.55 24.77 24.77 25.03 0.45 1.79 

120 30.97 30.97 30.19 30.71 0.45 1.46 

% drug 
drug release ug/ml (day 3) 

average SD %RSD (day 3) Reproducibility 
1 2 3 

80 17.36 17.36 17.36 17.36 0.00 0.00 
0.86 100 21.86 21.22 21.86 21.64 0.37 1.71 

120 26.36 25.72 26.36 26.14 0.37 1.42 

 
 
 



 
 

 

APPENDICES IV 
 

The percentage of cumulative release of propranolol hydrochloride and 
hydrochlorothiazide at different matrix tablets and compressed tablets 
 
Table 37  The percentage of cumulative release of propranolol 

hydrochloride (Pro) and hydrochlorothiazide (HCT) from sole drug 
loaded in different ratios of poloxamer (L): shellac wax (S) matrix 
tablets in distilled water using basket method at 100 rpm 

(A) 
% Pro released from 0:10 L:S % HCT released from 0:10 L:S 

Time 
(min) 

1 2 3 Mean S.D. 
Time 
(min) 

1 2 3 Mean S.D. 

0 0.00 0.00 0.00 0.00 0.00 0 0.00 0.00 0.00 0.00 0.00 

5 -0.78 3.00 -2.09 0.04 2.64 5 -0.45 -0.11 -0.09 -0.21 0.20 

15 2.20 -1.74 -1.75 -0.43 2.28 15 -0.84 -1.09 -1.04 -0.99 0.13 

30 -2.66 -1.59 1.96 -0.77 2.42 30 -0.93 0.77 0.00 -0.05 0.85 

45 -2.52 -3.40 -0.97 -2.30 1.23 45 -1.06 -1.18 0.84 -0.47 1.13 

60 -1.62 -1.44 -2.26 -1.78 0.43 60 -0.89 -0.89 -0.95 -0.91 0.04 

90 -3.39 -0.96 0.11 -1.42 1.79 90 -0.28 -1.19 -1.34 -0.94 0.57 

120 -2.87 -1.81 -2.25 -2.31 0.53 120 -0.49 -1.10 -0.98 -0.86 0.32 

150 0.94 -2.67 -1.42 -1.05 1.83 150 -0.56 -0.60 -0.59 -0.58 0.02 

180 -1.84 -3.53 -2.20 -2.52 0.89 180 -0.90 -1.21 -0.68 -0.93 0.27 

210 -1.25 -4.21 0.94 -1.51 2.59 210 -0.98 -1.28 -0.13 -0.80 0.59 

240 -0.61 -1.84 -1.83 -1.43 0.71 240 0.96 -0.80 -0.28 -0.04 0.91 

270 -1.68 -2.73 -1.80 -2.07 0.58 270 1.43 -0.89 -0.27 0.09 1.20 

300 -1.11 -3.19 -3.54 -2.62 1.32 300 -0.11 -0.90 -1.04 -0.68 0.50 

360 -1.67 -3.14 -3.36 -2.73 0.92 360 0.00 -0.49 -1.03 -0.51 0.51 

420 -1.17 -2.61 -0.27 -1.35 1.18 420 0.42 -0.51 -0.91 -0.33 0.68 

480 -1.86 -2.82 -1.91 -2.20 0.54 480 0.27 -0.32 -1.19 -0.41 0.73 
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(Continued) 
(B) 

% Pro released from 2:8 L:S % HCT released from 2:8 L:S 

Time 
(min) 

1 2 3 Mean S.D. 
Time 
(min) 

1 2 3 Mean S.D. 

0 0.00 0.00 0.00 0.00 0.00 0 0.00 0.00 0.00 0.00 0.00 

5 2.87 1.31 3.11 2.43 0.98 5 -0.19 0.07 0.83 0.24 0.53 

15 3.26 1.63 4.33 3.08 1.36 15 0.63 1.34 1.55 1.17 0.48 

30 3.73 3.51 4.47 3.90 0.50 30 1.60 2.70 2.84 2.38 0.68 

45 4.53 4.08 4.80 4.47 0.36 45 2.95 3.39 3.57 3.31 0.32 

60 5.33 5.17 5.36 5.29 0.10 60 3.61 3.33 5.14 4.03 0.98 

90 7.74 5.82 6.39 6.65 0.98 90 4.60 4.44 6.28 5.11 1.02 

120 9.34 7.24 8.85 8.48 1.10 120 6.20 5.03 8.11 6.45 1.56 

150 11.37 8.92 12.10 10.80 1.67 150 6.95 5.35 8.31 6.87 1.48 

180 13.65 10.42 14.64 12.90 2.21 180 8.22 6.17 9.40 7.93 1.63 

210 15.73 12.94 16.83 15.17 2.01 210 8.81 6.76 11.36 8.98 2.30 

240 19.24 19.06 20.57 19.62 0.82 240 11.04 10.03 11.79 10.95 0.88 

270 23.88 21.19 24.82 23.30 1.88 270 11.10 9.93 12.71 11.25 1.40 

300 29.53 25.84 30.11 28.49 2.32 300 13.71 13.22 15.14 14.02 1.00 

360 38.61 34.32 38.80 37.24 2.53 360 18.57 19.19 18.72 18.83 0.32 

420 51.72 46.32 48.93 48.99 2.70 420 24.15 27.38 24.00 25.18 1.91 

480 65.17 62.30 60.74 62.73 2.25 480 29.61 36.41 30.96 32.33 3.60 

 
(C) 

% Pro released from 3:7 L:S % HCT released from 3:7 L:S 

Time 
(min) 

1 2 3 mean SD 
Time 
(min) 

1 2 3 Mean S.D. 

0 0.00 0.00 0.00 0.00 0.00 0 0.00 0.00 0.00 0.00 0.00 

5 21.63 20.12 24.07 21.94 1.99 5 0.01 0.50 0.74 0.42 0.37 

15 30.41 29.72 34.10 31.41 2.35 15 3.52 4.11 4.47 4.03 0.48 

30 42.32 39.07 43.04 41.48 2.11 30 5.83 7.10 7.25 6.73 0.78 

45 48.98 46.64 50.31 48.64 1.86 45 8.98 10.05 9.74 9.59 0.55 

60 69.64 63.01 66.19 66.28 3.32 60 10.76 12.45 11.79 11.67 0.85 

90 78.27 77.81 78.41 78.16 0.31 90 16.22 17.59 16.21 16.67 0.79 

120 91.78 95.86 100.22 95.95 4.22 120 18.57 22.28 19.65 20.16 1.91 

150 101.64 112.83 117.61 110.70 8.20 150 22.20 28.00 25.74 25.31 2.92 

180 116.65 130.95 145.69 131.10 14.52 180 24.90 33.41 30.65 29.65 4.34 

210 135.11 141.65 160.05 145.60 12.93 210 28.95 39.21 38.52 35.56 5.73 

240 154.36 81.33 93.37 109.69 39.16 240 33.93 42.74 42.67 39.78 5.07 

270 94.59 86.08 102.67 94.45 8.30 270 39.15 47.35 48.09 44.86 4.96 

300 123.02 109.02 129.64 120.56 10.53 300 46.32 50.56 53.45 50.11 3.59 

360 142.32 122.49 143.40 136.07 11.77 360 61.43 65.05 68.54 65.01 3.55 

420 100.00 100.00 100.00 100.00 0.00 420 71.85 73.76 76.46 74.02 2.31 

480 99.85 97.68 101.82 99.78 2.07 480 74.12 89.08 78.36 80.52 7.71 
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(Continued) 
(D) 

% Pro released from 7:3 L:S % HCT Released from 7:3 L:S 

Time 
(min) 

1 2 3 Mean SD 
Time 
(min) 

1 2 3 Mean S.D. 

0 0.00 0.00 0.00 0.00 0.00 0 0.00 0.00 0.00 0.00 0.00 

5 5.69 6.52 6.44 6.21 0.46 5 0.56 0.98 0.70 0.75 0.22 

15 12.47 11.15 11.51 11.71 0.68 15 2.53 2.56 2.61 2.56 0.04 

30 20.37 19.17 18.43 19.32 0.98 30 5.16 5.93 4.74 5.28 0.60 

45 27.22 26.03 25.03 26.09 1.09 45 7.40 7.85 6.32 7.19 0.79 

60 33.57 33.74 30.89 32.73 1.60 60 9.00 9.01 7.82 8.61 0.68 

90 44.57 43.66 40.13 42.79 2.34 90 11.86 11.28 10.82 11.32 0.52 

120 55.93 57.33 50.06 54.44 3.86 120 14.29 13.52 12.69 13.50 0.80 

150 65.44 67.79 58.31 63.85 4.94 150 16.13 15.56 15.09 15.59 0.52 

180 76.09 78.07 66.90 73.68 5.96 180 18.33 17.88 16.51 17.57 0.94 

210 81.65 84.38 72.54 79.52 6.20 210 20.75 20.12 19.54 20.14 0.60 

240 86.66 92.85 83.10 87.54 4.93 240 22.09 21.47 19.37 20.98 1.43 

270 92.96 99.11 88.13 93.40 5.50 270 24.61 23.30 21.28 23.06 1.67 

300 92.73 95.99 97.33 95.35 2.36 300 25.62 26.78 23.40 25.27 1.72 

360 93.37 99.20 100.56 97.71 3.82 360 29.52 29.15 27.29 28.65 1.20 

420 97.26 100.55 98.11 98.64 1.71 420 33.04 32.98 29.56 31.86 1.99 

480 102.50 105.40 101.20 103.03 2.15 480 37.85 36.92 34.22 36.33 1.88 

 
(E) 

% Pro released from 8:2 L:S % HCT released from 8:2 L:S 

Time 
(min) 

1 2 
3 Mean S.D. 

Time 
(min) 

1 2 3 Mean S.D. 

0 0.00 0.00 0.00 0.00 0.00 0 0.00 0.00 0.00 0.00 0.00 

5 -0.29 1.05 0.07 0.27 0.69 5 1.02 0.75 1.51 1.10 0.39 

15 4.16 8.59 6.96 6.57 2.24 15 4.18 3.78 4.49 4.15 0.35 

30 11.05 13.67 10.69 11.80 1.62 30 8.07 7.00 8.00 7.69 0.60 

45 12.52 16.50 13.29 14.10 2.11 45 11.01 10.10 10.24 10.45 0.49 

60 15.81 18.48 17.14 17.14 1.34 60 12.69 12.61 11.50 12.27 0.66 

90 20.39 22.81 20.04 21.08 1.51 90 15.08 16.34 14.04 15.15 1.15 

120 24.15 26.82 24.22 25.06 1.53 120 17.18 19.73 16.32 17.75 1.77 

150 29.53 32.75 29.53 30.61 1.86 150 21.60 21.25 18.60 20.48 1.64 

180 32.32 35.56 33.08 33.65 1.70 180 21.50 24.08 20.74 22.11 1.75 

210 37.90 41.60 38.75 39.42 1.94 210 22.37 25.68 22.63 23.56 1.84 

240 41.02 44.07 39.12 41.40 2.50 240 24.34 27.73 24.05 25.37 2.04 

270 44.20 49.20 44.46 45.95 2.82 270 26.55 29.57 26.00 27.37 1.92 

300 45.81 54.72 47.28 49.27 4.77 300 27.49 30.53 27.71 28.58 1.69 

360 54.22 60.13 54.63 56.33 3.30 360 31.05 34.20 30.79 32.01 1.90 

420 58.70 66.19 57.73 60.87 4.63 420 35.11 37.92 35.36 36.13 1.56 

480 63.77 73.75 66.20 67.91 5.20 480 34.55 41.78 38.91 38.41 3.64 
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(Continued) 
(F) 

% Pro released from 10:0 L:S % HCT released from 10:0 L:S 

Time 
(min) 

1 2 3 Mean S.D. 
Time 
(min) 

1 2 3 Mean S.D. 

0 0.00 0.00 0.00 0.00 0.00 0 0.00 0.00 0.00 0.00 0.00 

5 3.27 7.20 12.98 7.82 4.89 5 1.97 2.96 2.45 2.46 0.50 

15 10.94 10.70 19.14 13.59 4.81 15 9.12 7.39 9.06 8.52 0.98 

30 22.68 21.29 22.96 22.31 0.89 30 22.46 19.00 17.22 19.56 2.66 

45 33.36 33.50 34.37 33.74 0.55 45 32.97 29.68 29.35 30.67 2.00 

60 47.40 44.54 46.26 46.07 1.44 60 46.70 39.38 40.65 42.24 3.91 

90 66.02 63.62 66.19 65.28 1.44 90 62.23 59.07 60.61 60.64 1.58 

120 78.56 75.87 78.47 77.63 1.53 120 75.54 76.70 79.39 77.21 1.98 

150 92.03 88.38 91.25 90.56 1.93 150 85.83 89.40 87.85 87.69 1.79 

180 100.00 97.48 95.39 97.62 2.31 180 92.18 90.02 95.11 92.44 2.56 

210 98.68 99.65 97.80 98.71 0.92 210 95.60 100.53 95.31 97.15 2.93 

240 98.35 99.13 98.87 98.78 0.40 240 95.61 96.63 94.71 95.65 0.96 

270 98.68 99.50 99.97 99.38 0.65 270 94.60 100.65 94.83 96.69 3.42 

300 98.00 99.22 99.22 98.81 0.70 300 94.54 97.30 94.58 95.47 1.58 

360 98.23 99.63 99.61 99.15 0.80 360 96.11 98.44 94.31 96.29 2.07 

420 98.29 99.59 100.00 99.30 0.89 420 92.56 99.74 94.53 95.61 3.71 

480 97.80 100.00 99.93 99.24 1.25 480 95.88 98.43 98.63 97.65 1.53 
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Table 38  The percentage of cumulative release of propranolol 
hydrochloride (Pro) and hydrochlorothiazide (HCT) from 
combined drug loaded in different ratios of poloxamer (L): shellac 
wax (S) matrix tablets in distilled water using basket method at 
100 rpm 

(A) 
% Pro released from 3:7 L:S % HCT released from 3:7 L:S 

Time 
(min) 

1 2 3 Mean S.D. 
Time 
(min) 

1 2 3 Mean S.D. 

0 0.00 0.00 0.00 0.00 0.00 0 0.00 0.00 0.00 0.00 0.00 

5 1.16 0.58 1.16 0.96 0.33 5 1.39 0.70 1.39 1.16 0.40 

15 2.32 2.32 2.90 2.51 0.33 15 2.10 2.09 2.79 2.33 0.40 

30 4.07 4.07 4.07 4.07 0.00 30 4.20 2.80 3.51 3.50 0.70 

45 5.25 5.25 5.83 5.44 0.34 45 4.92 4.21 4.92 4.68 0.41 

60 7.01 7.01 7.02 7.01 0.00 60 6.34 5.63 6.34 6.10 0.41 

90 8.79 9.36 9.37 9.17 0.34 90 8.47 7.75 8.47 8.23 0.41 

120 10.57 12.31 11.74 11.54 0.88 120 10.60 11.28 11.30 11.06 0.40 

150 12.37 14.69 14.12 13.72 1.21 150 12.05 14.12 13.45 13.21 1.06 

180 14.17 15.93 16.51 15.54 1.22 180 14.21 15.60 15.61 15.14 0.81 

210 16.56 18.33 19.49 18.13 1.48 210 16.38 17.07 18.49 17.31 1.07 

240 17.81 19.01 20.76 19.19 1.48 240 18.56 17.86 20.68 19.03 1.47 

270 19.64 20.27 23.18 21.03 1.89 270 20.05 19.35 22.88 20.76 1.87 

300 20.90 22.69 25.62 23.07 2.38 300 22.25 21.55 25.79 23.20 2.27 

360 24.49 26.28 29.81 26.86 2.71 360 26.55 25.15 31.50 27.73 3.34 

420 27.51 29.90 36.34 31.25 4.56 420 29.48 29.46 39.34 32.76 5.70 

480 30.55 34.69 42.90 36.05 6.28 480 32.43 35.89 47.91 38.74 8.13 
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(Continued) 
(B) 

% Pro released from 5:5 L:S % HCT released from 5:5 L:S 

Time 
(min) 

1 2 3 Mean SD Time 
(min) 

1 2 3 Mean SD 

0 0.00 0.00 0.00 0.00 0.00 0 0.00 0.00 0.00 0.00 0.00 

5 4.05 4.05 4.05 4.05 0.00 5 2.79 2.79 2.79 2.79 0.00 

15 8.12 8.12 8.12 8.12 0.00 15 5.59 6.29 5.59 5.82 0.40 

30 12.80 12.22 12.22 12.41 0.33 30 8.41 8.41 8.41 8.41 0.00 

45 15.76 16.34 16.91 16.34 0.58 45 10.54 11.24 11.24 11.01 0.40 

60 18.16 19.32 19.90 19.13 0.89 60 12.00 14.09 13.39 13.16 1.07 

90 22.31 26.37 25.22 24.63 2.09 90 14.85 20.44 17.65 17.65 2.80 

120 26.48 31.14 29.41 29.01 2.35 120 18.41 23.34 20.53 20.76 2.47 

150 29.52 35.94 33.04 32.83 3.21 150 20.60 26.95 24.13 23.89 3.18 

180 32.57 38.45 37.27 36.10 3.11 180 22.11 29.89 26.35 26.11 3.89 

210 35.07 42.71 40.94 39.57 4.00 210 25.02 33.53 29.97 29.51 4.28 

240 38.15 46.41 43.48 42.68 4.19 240 26.55 36.50 32.92 31.99 5.04 

270 41.25 48.98 47.76 46.00 4.16 270 28.78 38.79 35.19 34.25 5.07 

300 44.36 52.71 51.49 49.52 4.51 300 30.33 41.78 36.08 36.06 5.73 

360 48.07 57.62 55.24 53.65 4.97 360 33.28 46.19 40.45 39.97 6.47 

420 51.80 60.83 60.74 57.79 5.19 420 37.63 49.92 46.94 44.83 6.41 

480 56.13 65.78 64.54 62.15 5.25 480 39.93 49.49 50.68 46.70 5.89 

 
(C) 

% Pro released from 7:3 L:S % HCT released from 7:3 L:S 

Time 
(min) 

1 2 3 Mean S.D. Time 
(min) 

1 2 3 Mean S.D. 

0 0.00 0.00 0.00 0.00 0.00 0 0.00 0.00 0.00 0.00 0.00 

5 3.47 3.47 3.47 3.47 0.00 5 1.39 1.39 1.39 1.39 0.00 

15 5.23 5.81 4.65 5.23 0.58 15 2.10 2.79 2.10 2.33 0.40 

30 8.15 8.15 7.57 7.96 0.34 30 3.50 3.51 2.81 3.27 0.40 

45 10.51 11.09 9.92 10.51 0.58 45 4.92 4.92 4.22 4.68 0.41 

60 12.30 12.31 13.45 12.69 0.66 60 5.64 5.64 6.33 5.87 0.40 

90 15.26 15.27 16.42 15.65 0.66 90 7.06 7.07 8.45 7.53 0.80 

120 17.66 18.24 19.40 18.43 0.88 120 8.50 8.50 9.89 8.96 0.81 

150 20.07 19.50 21.82 20.46 1.21 150 9.94 10.64 11.34 10.64 0.70 

180 22.49 22.50 24.25 23.08 1.01 180 11.38 11.39 12.80 11.86 0.81 

210 24.35 24.36 26.12 24.94 1.02 210 12.84 12.85 14.26 13.32 0.82 

240 26.80 27.38 26.84 27.01 0.33 240 14.30 14.31 15.03 14.55 0.42 

270 29.26 29.27 31.04 29.85 1.02 270 15.77 15.78 17.21 16.25 0.82 

300 30.57 31.16 32.94 31.56 1.23 300 17.25 16.56 18.69 17.50 1.09 

360 33.63 34.22 36.01 34.62 1.24 360 19.43 19.44 20.88 19.92 0.83 

420 37.28 36.72 39.09 37.70 1.24 420 21.63 21.63 23.08 22.12 0.84 

480 40.95 40.96 42.20 41.37 0.71 480 24.53 24.54 26.00 25.02 0.84 
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(Continued) 
(D) 

% Pro released from 10:0 L:S % HCT released from 10:0 L:S 

Time 
(min) 

1 2 3 Mean S.D. 
Time 
(min) 

1 2 3 Mean S.D. 

0 0.00 0.00 0.00 0.00 0.00 0 0.00 0.00 0.00 0.00 0.00 

5 4.63 4.63 4.63 4.63 0.00 5 2.09 2.79 2.09 2.32 0.40 

15 12.18 12.18 12.18 12.18 0.00 15 8.37 7.68 7.68 7.91 0.40 

30 24.39 24.39 24.39 24.39 0.00 30 18.17 19.57 19.56 19.10 0.80 

45 36.10 35.52 36.10 35.91 0.33 45 30.12 30.82 30.12 30.35 0.41 

60 47.87 47.29 45.56 46.91 1.20 60 42.13 42.14 40.74 41.67 0.81 

90 62.02 62.02 60.27 61.44 1.01 90 61.17 59.79 58.38 59.78 1.40 

120 71.62 71.04 69.28 70.65 1.22 120 76.84 75.45 72.64 74.97 2.14 

150 77.22 76.05 76.03 76.43 0.68 150 86.32 85.62 84.18 85.37 1.09 

180 78.80 78.78 78.76 78.78 0.02 180 90.27 90.27 90.22 90.25 0.03 

210 78.65 79.21 79.76 79.21 0.56 210 90.76 90.76 90.71 90.74 0.03 

240 79.07 80.79 79.61 79.83 0.88 240 90.56 91.25 90.51 90.77 0.41 

270 80.65 80.65 80.04 80.45 0.35 270 91.05 91.04 90.99 91.03 0.03 

300 80.50 80.50 81.05 80.68 0.31 300 90.84 91.53 91.48 91.28 0.39 

360 80.35 80.93 80.32 80.53 0.34 360 90.63 91.32 90.57 90.84 0.42 

420 80.78 80.78 81.32 80.96 0.32 420 91.11 91.11 91.05 91.09 0.03 

480 81.78 80.05 81.17 81.00 0.88 480 90.89 90.89 90.84 90.87 0.03 
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Table 39 The percentage of cumulative release of propranolol 
hydrochloride (Pro) and hydrochlorothiazide (HCT) from 8 mm 
inside drug loaded matrix tablets at different inside and outside 
bases (poloxamer (L), shellac wax (S) or 7:3 L:S) in distilled 
water using basket method at 100 rpm  

(A) 
% Pro released from L/L (inside/outside) % HCT released from L/L (inside/outside) 

Time 
(min) 

1 2 3 Mean S.D. 
Time 
(min) 

1 2 3 Mean S.D. 

0 0.00 0.00 0.00 0.00 0.00 0 0.00 0.00 0.00 0.00 0.00 

5 1.74 1.74 2.31 1.93 0.33 5 0.70 1.39 1.39 1.16 0.40 

15 5.80 4.64 6.38 5.60 0.89 15 4.18 3.49 4.19 3.95 0.40 

30 14.51 10.45 13.93 12.96 2.20 30 11.17 8.39 10.48 10.01 1.45 

45 23.84 18.03 21.53 21.14 2.93 45 16.81 14.70 16.81 16.11 1.22 

60 34.97 24.49 31.49 30.32 5.34 60 29.44 21.06 25.26 25.26 4.19 

90 52.52 41.99 45.55 46.68 5.36 90 46.33 33.71 37.94 39.33 6.42 

120 77.11 63.05 66.63 68.93 7.31 120 71.67 58.98 59.06 63.23 7.30 

150 91.42 91.17 87.82 90.14 2.01 150 84.60 84.39 80.28 83.09 2.43 

180 95.39 88.20 98.72 94.10 5.38 180 89.25 84.85 93.26 89.12 4.21 

210 88.97 85.21 95.79 89.99 5.36 210 81.37 81.14 89.60 84.04 4.82 

240 89.45 92.61 89.37 90.48 1.85 240 86.00 85.76 85.90 85.89 0.12 

270 93.41 89.64 93.32 92.12 2.15 270 82.28 86.22 86.37 84.96 2.32 

300 97.38 97.07 93.82 96.09 1.97 300 91.08 90.87 82.65 88.20 4.81 

360 94.43 94.12 94.32 94.29 0.16 360 87.39 95.54 87.27 90.07 4.74 

420 94.93 98.09 91.35 94.79 3.37 420 87.85 91.87 83.56 87.76 4.16 

480 95.43 98.61 98.78 97.61 1.89 480 84.14 88.17 84.00 85.44 2.37 
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(Continued) 
(B) 

% Pro released from L/S (inside/outside) % HCT released from L/S (inside/outside) 

Time 
(min) 

1 2 3 Mean S.D. 
Time 
(min) 

1 2 3 Mean S.D. 

0 0.00 0.00 0.00 0.00 0.00 0 0.00 0.00 0.00 0.00 0.00 

5 3.47 2.89 2.89 3.09 0.33 5 1.39 1.39 1.39 1.39 0.00 

15 6.38 5.80 6.96 6.38 0.58 15 3.49 3.49 4.88 3.96 0.80 

30 9.89 8.73 11.05 9.89 1.16 30 6.30 5.60 7.70 6.53 1.07 

45 13.42 11.67 15.74 13.61 2.04 45 9.12 7.72 11.23 9.36 1.76 

60 16.38 14.63 18.72 16.58 2.05 60 11.26 9.85 15.47 12.19 2.92 

90 22.26 21.07 24.61 22.65 1.80 90 16.20 14.79 18.34 16.44 1.79 

120 31.64 31.60 35.16 32.80 2.04 120 21.17 21.14 25.41 22.57 2.46 

150 35.28 35.25 38.82 36.45 2.05 150 25.46 29.61 29.73 28.27 2.43 

180 42.42 45.85 52.92 47.06 5.35 180 33.96 33.96 46.61 38.18 7.30 

210 49.59 46.10 56.68 50.79 5.39 210 38.33 34.14 51.05 41.17 8.80 

240 63.75 53.30 60.46 59.17 5.34 240 55.26 42.69 59.69 52.54 8.82 

270 71.04 60.53 78.15 69.91 8.86 270 59.74 51.28 68.37 59.80 8.54 

300 78.37 71.27 88.98 79.54 8.91 300 72.61 55.74 72.92 67.09 9.83 

360 85.74 82.07 89.47 85.76 3.70 360 77.18 68.59 81.68 75.82 6.65 

420 86.20 85.99 89.95 87.38 2.23 420 77.60 77.32 82.12 79.01 2.70 

480 86.66 86.45 90.43 87.85 2.24 480 78.02 81.92 78.38 79.44 2.15 

 
(C) 

% Pro released from L/7:3 (inside/outside) % HCT released from L/7:3 (inside/outside) 

Time 
(min) 

1 2 3 Mean S.D. 
Time 
(min) 

1 2 3 Mean S.D. 

0 0.00 0.00 0.00 0.00 0.00 0 0.00 0.00 0.00 0.00 0.00 

5 1.56 1.60 2.07 1.74 0.28 5 1.39 1.39 1.39 1.39 0.00 

15 4.16 4.28 4.67 4.37 0.27 15 2.79 2.79 3.49 3.03 0.40 

30 6.26 7.51 7.81 7.19 0.82 30 4.90 5.60 6.30 5.60 0.70 

45 9.41 11.83 11.47 10.90 1.31 45 6.32 7.72 8.42 7.49 1.07 

60 11.02 14.03 14.13 13.06 1.77 60 7.75 11.24 10.56 9.85 1.85 

90 13.67 21.05 19.38 18.04 3.87 90 11.28 16.88 15.49 14.55 2.92 

120 15.83 22.77 22.08 20.22 3.83 120 12.73 21.15 21.15 18.35 4.86 

150 31.48 38.92 34.63 35.01 3.73 150 29.52 37.99 37.99 35.17 4.89 

180 47.23 51.96 47.25 48.81 2.72 180 46.41 46.56 42.38 45.12 2.37 

210 56.83 65.06 59.93 60.61 4.16 210 55.02 63.54 63.51 60.69 4.91 

240 69.60 78.24 69.58 72.47 4.99 240 67.87 72.25 68.04 69.39 2.48 

270 82.44 88.28 85.50 85.41 2.92 270 84.96 85.18 80.96 83.70 2.38 

300 86.00 98.38 98.39 94.26 7.15 300 85.42 94.01 89.76 89.73 4.29 

360 98.93 98.91 98.93 98.92 0.01 360 98.43 98.70 102.79 99.97 2.44 

420 99.46 102.65 99.46 100.53 1.84 420 98.96 99.23 99.16 99.12 0.14 

480 101.20 102.50 100.20 101.30 1.15 480 99.50 99.77 99.70 99.65 0.14 
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(Continued) 
(D) 

% Pro released from 7:3/L (inside/outside) % HCT released from 7:3/L (inside/outside) 

Time 
(min) 

1 2 3 Mean S.D. 
Time 
(min) 

1 2 3 Mean S.D. 

0 0.00 0.00 0.00 0.00 0.00 0 0.00 0.00 0.00 0.00 0.00 

5 1.74 1.74 1.74 1.74 0.00 5 0.70 0.70 0.70 0.70 0.00 

15 3.48 2.90 2.90 3.10 0.33 15 1.40 1.40 1.40 1.40 0.00 

30 5.24 5.81 4.65 5.23 0.58 30 2.80 2.80 2.10 2.57 0.40 

45 8.74 7.58 8.15 8.16 0.58 45 3.51 3.51 3.51 3.51 0.00 

60 11.10 9.94 8.78 9.94 1.16 60 4.92 4.92 4.22 4.69 0.40 

90 16.95 18.09 16.35 17.13 0.89 90 7.04 6.34 6.34 6.57 0.40 

120 18.20 23.98 21.64 21.27 2.91 120 10.56 9.17 8.46 9.40 1.07 

150 24.66 24.69 21.18 23.51 2.02 150 13.41 12.70 12.69 12.93 0.41 

180 31.74 38.71 28.24 32.90 5.33 180 21.15 25.31 16.94 21.13 4.19 

210 42.33 45.86 35.34 41.18 5.36 210 25.44 33.81 21.21 26.82 6.41 

240 42.56 49.59 39.00 43.72 5.38 240 29.76 38.18 25.51 31.15 6.45 

270 46.26 53.33 42.69 47.43 5.41 270 34.10 42.57 29.83 35.50 6.48 

300 49.98 57.09 46.39 51.15 5.44 300 38.47 46.98 34.17 39.87 6.52 

360 57.20 60.87 57.06 58.37 2.16 360 42.86 51.41 38.54 44.27 6.55 

420 67.92 71.61 67.78 69.10 2.17 420 51.45 60.05 51.29 54.26 5.01 

480 75.23 82.41 78.56 78.73 3.59 480 60.09 68.74 59.93 62.92 5.04 

 
(E) 

% Pro released from 7:3/S (inside/outside) % HCT released from 7:3/S (inside/outside) 

Time 
(min) 

1 2 3 Mean S.D. 
Time 
(min) 

1 2 3 Mean S.D. 

0 0.00 0.00 0.00 0.00 0.00 0 0.00 0.00 0.00 0.00 0.00 

5 1.74 1.74 1.16 1.54 0.33 5 1.39 0.70 0.70 0.93 0.40 

15 3.48 4.06 2.90 3.48 0.58 15 2.10 1.40 1.40 1.63 0.40 

30 7.55 5.82 5.23 6.20 1.21 30 3.50 2.80 2.80 3.03 0.41 

45 8.75 8.74 7.57 8.36 0.68 45 4.22 3.51 2.81 3.51 0.70 

60 11.11 12.26 9.93 11.10 1.17 60 4.94 4.23 4.22 4.46 0.41 

90 15.80 15.80 14.61 15.41 0.69 90 5.66 5.64 4.94 5.42 0.41 

120 19.36 19.36 18.16 18.96 0.69 120 6.39 7.07 5.67 6.38 0.70 

150 21.78 22.36 20.58 21.57 0.91 150 9.21 7.80 7.09 8.04 1.08 

180 27.69 27.11 25.90 26.90 0.91 180 9.96 9.24 8.11 9.10 0.93 

210 28.42 24.94 28.35 27.24 1.99 210 12.80 21.13 8.57 14.17 6.39 

240 32.04 28.55 28.51 29.70 2.03 240 17.05 17.07 12.79 15.64 2.46 

270 32.21 28.70 28.66 29.86 2.04 270 17.14 17.16 12.86 15.72 2.48 

300 32.39 28.86 25.35 28.86 3.52 300 21.42 17.26 12.93 17.20 4.24 

360 36.03 29.01 32.42 32.49 3.51 360 21.53 21.53 17.18 20.08 2.51 

420 36.23 32.64 29.13 32.66 3.55 420 25.83 21.65 17.28 21.58 4.28 

480 39.89 36.28 29.28 35.15 5.40 480 30.15 21.76 21.55 24.49 4.90 
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(Continued) 
(F) 

% Pro released from 7:3/7:3 (inside/outside) % HCT released from 7:3/7:3 
(inside/outside) 

Time 
(min) 

1 2 3 Mean S.D. 
Time 
(min) 

1 2 3 Mean S.D. 

0 0.00 0.00 0.00 0.00 0.00 0 0.00 0.00 0.00 0.00 0.00 

5 2.31 2.31 2.31 2.31 0.00 5 0.70 1.39 1.39 1.16 0.40 

15 4.64 5.22 4.64 4.83 0.33 15 2.09 2.79 2.10 2.33 0.40 

30 6.98 7.56 5.82 6.79 0.89 30 2.80 4.20 2.81 3.27 0.81 

45 8.76 9.34 10.49 9.53 0.88 45 3.51 4.92 3.52 3.99 0.81 

60 8.80 11.71 9.96 10.16 1.46 60 4.23 4.95 4.23 4.47 0.41 

90 11.75 15.24 10.02 12.34 2.66 90 4.95 7.07 4.26 5.43 1.46 

120 15.28 14.75 12.39 14.14 1.54 120 6.37 7.80 5.67 6.62 1.09 

150 15.94 17.14 15.35 16.14 0.91 150 7.80 8.54 7.10 7.81 0.72 

180 20.08 20.13 18.90 19.70 0.69 180 9.24 10.68 9.23 9.71 0.84 

210 24.24 23.13 25.37 24.25 1.12 210 11.38 12.13 12.07 11.86 0.42 

240 21.48 24.99 24.93 23.80 2.01 240 17.01 17.07 17.01 17.03 0.04 

270 28.54 28.60 28.54 28.56 0.04 270 17.10 17.17 17.10 17.12 0.04 

300 35.63 28.75 35.63 33.34 3.97 300 21.38 17.26 21.37 20.00 2.38 

360 39.30 39.32 42.77 40.46 2.00 360 25.67 25.71 29.85 27.08 2.40 

420 49.93 46.48 49.95 48.78 2.00 420 34.17 30.03 34.19 32.80 2.40 

480 57.14 60.61 60.63 59.46 2.01 480 38.54 34.38 38.56 37.16 2.41 
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Table 40  The percentage of cumulative release of propranolol 
hydrochloride and hydrochlorothiazide from 12 mm inside drug 
loaded matrix tablets at different inside and outside bases in 
distilled water using basket method at 100 rpm 

(A) 
% Pro released from L/L (inside/outside) % HCT released from L/L (inside/outside) 

Time 
(min) 

1 2 3 Mean S.D. Time 
(min) 

1 2 3 Mean S.D. 

0 0.00 0.00 0.00 0.00 0.00 0 0.00 0.00 0.00 0.00 0.00 

5 1.74 1.74 1.74 1.74 0.00 5 1.39 0.70 0.70 0.93 0.40 

15 5.22 4.64 4.06 4.64 0.58 15 3.49 2.79 2.09 2.79 0.70 

30 11.61 11.03 10.45 11.03 0.58 30 9.08 7.68 6.98 7.92 1.07 

45 20.93 20.35 19.76 20.35 0.59 45 16.80 16.09 15.38 16.09 0.71 

60 30.31 29.72 26.24 28.75 2.20 60 21.07 23.14 21.04 21.75 1.20 

90 52.46 47.24 47.21 48.97 3.02 90 46.27 39.99 37.88 41.38 4.36 

120 75.31 66.59 66.56 69.49 5.04 120 67.43 56.93 56.90 60.42 6.07 

150 87.88 91.26 87.76 88.97 1.99 150 80.34 80.24 76.02 78.87 2.46 

180 88.36 91.76 88.24 89.45 2.00 180 80.78 84.86 80.62 82.09 2.40 

210 88.84 92.26 85.25 88.79 3.51 210 85.40 81.15 81.06 82.54 2.48 

240 89.32 92.76 92.66 91.58 1.96 240 85.87 85.77 85.69 85.77 0.09 

270 86.34 89.79 93.16 89.76 3.41 270 82.15 82.05 81.97 82.06 0.09 

300 86.80 93.75 93.66 91.40 3.99 300 78.41 86.67 82.41 82.50 4.13 

360 90.73 94.25 94.16 93.05 2.01 360 87.19 82.96 87.03 85.73 2.40 

420 91.22 91.28 91.19 91.23 0.05 420 79.30 83.40 79.14 80.61 2.42 

480 91.70 91.76 95.15 92.87 1.97 480 83.89 83.84 83.74 83.82 0.08 
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(Continued) 
(B) 

% Pro released from L/S (inside/outside) % HCT released from L/S (inside/outside) 

Time 
(min) 

1 2 3 Mean S.D. 
Time 
(min) 

1 2 3 Mean S.D. 

0 0.00 0.00 0.00 0.00 0.00 0 0.00 0.00 0.00 0.00 0.00 

5 1.74 2.31 2.89 2.31 0.58 5 0.70 1.39 2.09 1.39 0.70 

15 4.64 5.80 7.54 5.99 1.46 15 2.09 4.19 4.89 3.72 1.45 

30 8.14 10.46 11.05 9.88 1.54 30 4.89 7.69 8.40 7.00 1.86 

45 13.39 14.57 14.01 13.99 0.59 45 9.10 11.92 13.32 11.45 2.15 

60 19.25 21.01 22.76 21.01 1.76 60 12.63 16.86 21.06 16.85 4.21 

90 26.30 29.81 33.30 29.80 3.50 90 18.97 25.31 25.36 23.22 3.67 

120 33.38 35.18 42.16 36.91 4.64 120 25.35 31.72 31.77 29.61 3.69 

150 45.72 52.73 52.81 50.42 4.07 150 38.03 46.53 42.39 42.32 4.25 

180 52.91 66.90 60.04 59.95 7.00 180 42.42 59.33 46.80 49.52 8.77 

210 74.03 81.16 70.78 75.32 5.31 210 59.37 76.37 55.42 63.72 11.13 

240 84.85 85.07 81.58 83.84 1.95 240 72.24 80.97 64.08 72.43 8.45 

270 88.78 89.01 85.50 87.76 1.96 270 76.81 81.41 76.97 78.40 2.61 

300 92.74 92.96 89.43 91.71 1.97 300 81.41 86.03 77.39 81.61 4.33 

360 93.24 89.99 86.44 89.89 3.40 360 81.85 81.90 77.81 80.52 2.35 

420 90.27 90.47 83.44 88.06 4.01 420 82.30 86.94 78.23 82.49 4.36 

480 90.75 87.48 90.82 89.69 1.91 480 78.56 83.22 82.83 81.53 2.59 

 
(C) 

% Pro released from L/7:3 (inside/outside) % HCT released from L/7:3 (inside/outside) 

Time 
(min) 

1 2 3 Mean S.D. 
Time 
(min) 

1 2 3 Mean S.D. 

0 0.00 0.00 0.00 0.00 0.00 0 0.00 0.00 0.00 0.00 0.00 

5 1.74 2.31 2.31 2.12 0.33 5 1.39 1.39 2.09 1.63 0.40 

15 5.22 6.38 5.80 5.80 0.58 15 3.49 4.88 4.89 4.42 0.81 

30 11.61 13.36 15.09 13.35 1.74 30 9.08 11.18 12.58 10.95 1.76 

45 19.77 22.11 22.69 21.53 1.54 45 16.10 18.21 18.92 17.74 1.47 

60 27.98 28.02 31.50 29.17 2.02 60 21.07 25.28 25.30 23.88 2.44 

90 45.50 45.53 49.03 46.68 2.03 90 33.73 37.96 42.16 37.95 4.22 

120 63.11 70.08 73.60 68.93 5.34 120 54.81 59.07 67.47 60.45 6.44 

150 87.75 91.30 80.95 86.67 5.26 150 80.20 84.48 88.74 84.47 4.27 

180 95.18 98.74 98.75 97.56 2.06 180 84.82 89.12 89.23 87.72 2.52 

210 95.70 99.28 99.29 98.09 2.07 210 89.46 89.61 89.72 89.60 0.13 

240 99.69 99.82 99.83 99.78 0.08 240 89.95 85.92 90.21 88.69 2.41 

270 100.23 100.36 96.90 99.16 1.96 270 90.44 90.56 86.51 89.17 2.30 

300 97.30 100.90 100.89 99.70 2.08 300 90.93 86.87 91.16 89.65 2.41 

360 101.29 101.44 101.43 101.39 0.08 360 91.41 91.52 87.47 90.13 2.31 

420 98.36 101.98 101.97 100.77 2.09 420 87.72 92.00 92.11 90.61 2.50 

480 98.88 102.52 102.51 101.30 2.10 480 92.37 92.49 92.60 92.49 0.12 
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(continued) 
(D) 

% Pro released from 7:3/L (inside/outside) % HCT released from 7:3/L (inside/outside) 

Time 
(min) 

1 2 3 Mean S.D. 
Time 
(min) 

1 2 3 Mean S.D. 

0 0.00 0.00 0.00 0.00 0.00 0 0.00 0.00 0.00 0.00 0.00 

5 0.58 1.16 1.74 1.16 0.58 5 0.70 0.70 0.70 0.70 0.00 

15 1.74 2.90 2.90 2.51 0.67 15 0.70 1.40 1.40 1.17 0.40 

30 3.48 4.65 4.65 4.26 0.67 30 1.40 2.10 2.10 1.87 0.40 

45 5.82 6.41 5.84 6.02 0.34 45 2.11 2.81 2.11 2.34 0.40 

60 7.59 7.61 7.61 7.60 0.01 60 2.81 2.83 2.82 2.82 0.01 

90 12.26 12.28 11.70 12.08 0.33 90 4.92 4.93 4.93 4.93 0.01 

120 16.37 18.71 15.81 16.96 1.54 120 7.04 9.14 7.04 7.74 1.21 

150 21.09 25.18 20.53 22.27 2.54 150 10.56 14.07 9.87 11.50 2.25 

180 24.68 29.94 25.27 26.63 2.88 180 12.01 16.93 12.71 13.88 2.66 

210 27.71 33.58 31.77 31.02 3.01 210 14.17 19.11 16.96 16.75 2.48 

240 30.17 35.50 31.94 32.54 2.71 240 17.03 21.31 17.05 18.46 2.46 

270 33.81 42.63 33.85 36.77 5.08 270 19.21 25.60 19.24 21.35 3.68 

300 35.73 41.13 37.51 38.12 2.75 300 21.41 25.74 21.43 22.86 2.50 

360 41.13 44.82 41.18 42.38 2.12 360 23.62 27.97 23.64 25.08 2.51 

420 44.82 48.53 46.61 46.66 1.86 420 25.83 30.21 27.95 28.00 2.19 

480 48.53 54.00 48.60 50.38 3.14 480 32.24 34.56 30.19 32.33 2.19 

 
(E) 

% Pro released from 7:3/S (inside/outside) % HCT released from 7:3/S (inside/outside) 

Time 
(min) 

1 2 3 Mean S.D. 
Time 
(min) 

1 2 3 Mean S.D. 

0 0.00 0.00 0.00 0.00 0.00 0 0.00 0.00 0.00 0.00 0.00 

5 1.74 1.74 1.74 1.74 0.00 5 0.70 0.70 0.70 0.70 0.00 

15 3.48 3.48 3.48 3.48 0.00 15 1.40 1.40 2.09 1.63 0.40 

30 5.24 5.24 5.81 5.43 0.33 30 2.10 2.80 2.80 2.57 0.40 

45 6.42 6.42 7.00 6.62 0.34 45 2.81 2.81 3.51 3.05 0.41 

60 7.61 7.61 8.20 7.81 0.34 60 3.52 3.53 3.53 3.53 0.01 

90 9.39 9.97 9.98 9.78 0.34 90 4.24 4.24 4.25 4.24 0.01 

120 11.18 12.34 11.77 11.76 0.58 120 4.96 4.96 4.97 4.96 0.01 

150 12.98 13.56 13.57 13.37 0.34 150 6.38 6.38 6.39 6.38 0.01 

180 14.78 15.37 15.38 15.18 0.34 180 7.11 7.11 7.12 7.12 0.01 

210 16.02 16.62 16.62 16.42 0.35 210 7.85 7.85 7.86 7.85 0.01 

240 17.26 17.86 17.87 17.67 0.35 240 8.59 8.59 8.60 8.59 0.01 

270 18.51 19.12 19.12 18.92 0.35 270 9.33 9.33 9.34 9.33 0.01 

300 19.77 17.48 20.38 19.21 1.53 300 10.08 10.08 10.09 10.08 0.01 

360 21.04 21.63 23.38 22.02 1.22 360 11.52 12.22 11.53 11.76 0.40 

420 24.04 24.64 25.25 24.64 0.60 420 12.28 12.29 13.69 12.75 0.81 

480 26.48 27.08 28.27 27.28 0.91 480 13.04 14.45 15.15 14.21 1.07 
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(Continued) 
(F) 

% Pro released from 7:3/7:3 (inside/outside) % HCT released from 7:3/7:3 
(inside/outside) 

Time 
(min) 

1 2 3 Mean S.D. Time 
(min) 

1 2 3 Mean S.D. 

0 0.00 0.00 0.00 0.00 0.00 0 0.00 0.00 0.00 0.00 0.00 

5 0.58 0.58 0.58 0.58 0.00 5 0.00 0.70 0.70 0.46 0.40 

15 1.16 1.16 1.16 1.16 0.00 15 0.70 0.70 0.70 0.70 0.00 

30 1.75 2.32 2.32 2.13 0.33 30 0.70 0.70 0.70 0.70 0.00 

45 2.91 2.92 2.92 2.91 0.00 45 1.40 1.41 1.41 1.40 0.00 

60 3.51 3.51 3.51 3.51 0.00 60 1.41 1.41 1.41 1.41 0.00 

90 4.68 5.27 5.27 5.07 0.34 90 2.11 2.12 2.12 2.12 0.00 

120 6.44 8.19 7.61 7.41 0.89 120 2.13 2.83 2.83 2.59 0.40 

150 8.79 11.13 10.54 10.15 1.21 150 3.53 4.23 4.23 4.00 0.41 

180 11.16 14.66 13.49 13.10 1.78 180 4.25 5.65 4.95 4.95 0.70 

210 14.11 17.63 17.04 16.26 1.88 210 4.97 7.08 7.07 6.37 1.22 

240 17.08 21.20 20.60 19.63 2.23 240 6.39 8.51 8.50 7.80 1.22 

270 20.07 23.63 22.45 22.05 1.81 270 8.51 9.95 9.94 9.47 0.83 

300 22.49 26.07 24.89 24.48 1.82 300 9.95 11.40 11.39 10.91 0.83 

360 30.14 30.26 30.23 30.21 0.07 360 12.79 14.94 14.94 14.22 1.24 

420 32.03 35.63 33.87 33.85 1.80 420 14.95 17.11 17.11 16.39 1.25 

480 39.15 41.04 39.26 39.81 1.06 480 19.21 21.39 21.38 20.66 1.25 
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Table 41  The percentage of cumulative release of propranolol 
hydrochloride and hydrochlorothiazide from outside drug loaded 
matrix tablets at different outside and inside bases in distilled 
water using basket method at 100 rpm 

(A) 
% Pro released from L/L (inside/outside) % HCT released from L/L (inside/outside) 

Time 
(min) 

1 2 3 Mean S.D. 
Time 
(min) 

1 2 3 Mean S.D. 

0 0.00 0.00 0.00 0.00 0.00 0 0.00 0.00 0.00 0.00 0.00 

5 5.79 5.79 6.36 5.98 0.33 5 4.18 4.18 4.88 4.41 0.40 

15 15.65 16.81 16.81 16.43 0.67 15 12.56 13.26 13.96 13.26 0.70 

30 33.68 31.37 31.37 32.14 1.33 30 29.36 26.57 26.58 27.50 1.60 

45 47.17 48.90 47.17 47.75 1.00 45 42.06 42.05 42.06 42.05 0.01 

60 65.37 65.37 67.68 66.14 1.33 60 59.01 56.21 53.44 56.22 2.79 

90 91.19 87.72 91.20 90.03 2.01 90 80.24 80.21 80.21 80.22 0.02 

120 91.69 88.20 91.70 90.53 2.02 120 84.86 80.65 80.65 82.05 2.43 

150 88.72 92.15 92.20 91.02 2.00 150 81.15 81.10 81.09 81.11 0.03 

180 89.20 89.18 92.70 90.36 2.03 180 81.59 81.54 81.53 81.55 0.03 

210 93.15 89.67 93.20 92.01 2.03 210 86.21 81.98 86.15 84.78 2.43 

240 90.18 90.15 93.70 91.34 2.04 240 80.53 82.42 86.62 83.19 3.12 

270 90.67 94.10 94.20 92.99 2.01 270 82.92 87.04 87.08 85.68 2.39 

300 91.15 91.13 94.71 92.33 2.06 300 87.54 83.32 83.36 84.74 2.43 

360 95.10 91.61 95.21 93.97 2.04 360 88.01 83.77 87.99 86.59 2.44 

420 92.13 95.57 95.71 94.47 2.03 420 84.29 84.21 92.63 87.04 4.84 

480 92.61 96.07 96.21 94.96 2.04 480 88.91 84.65 93.12 88.89 4.23 
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(Continued) 
(B) 

% Pro released from S/L (inside/outside) % HCT released from S/L (inside/outside) 

Time 
(min) 

1 2 3 Mean S.D. 
Time 
(min) 

1 2 3 Mean S.D. 

0 0.00 0.00 0.00 0.00 0.00 0 0.00 0.00 0.00 0.00 0.00 

5 6.36 6.36 2.89 5.21 2.00 5 4.18 4.88 4.18 4.41 0.40 

15 15.66 16.24 6.96 12.95 5.20 15 13.96 13.96 13.26 13.73 0.40 

30 33.68 32.53 22.04 29.42 6.41 30 30.76 29.37 29.36 29.83 0.80 

45 47.17 48.91 47.04 47.71 1.04 45 42.07 44.16 42.06 42.77 1.21 

60 60.74 63.06 74.50 66.10 7.36 60 53.45 59.04 56.23 56.24 2.79 

90 91.16 91.18 87.64 89.99 2.04 90 80.22 84.44 88.59 84.42 4.18 

120 88.19 91.68 91.59 90.49 1.99 120 84.85 89.09 84.90 86.28 2.43 

150 88.68 92.19 88.62 89.83 2.04 150 85.31 89.58 85.36 86.75 2.45 

180 89.16 89.22 92.57 90.32 1.96 180 81.59 85.88 90.01 85.83 4.21 

210 86.17 93.17 93.08 90.80 4.02 210 86.22 86.35 90.49 87.69 2.43 

240 90.10 90.20 90.11 90.14 0.05 240 86.68 90.99 86.80 88.16 2.46 

270 90.59 90.68 90.59 90.62 0.05 270 82.96 87.30 91.45 87.24 4.24 

300 94.54 91.16 91.07 92.26 1.98 300 87.59 91.95 87.75 89.09 2.47 

360 95.04 91.65 95.02 93.90 1.96 360 88.05 92.43 88.22 89.57 2.48 

420 92.07 92.13 95.53 93.24 1.98 420 84.34 92.92 92.86 90.04 4.94 

480 96.02 92.61 92.56 93.73 1.99 480 88.96 93.41 93.35 91.91 2.55 

 
(C) 

% Pro released from 7:3/L (inside/outside) % HCT released from 7:3/L (inside/outside) 

Time 
(min) 

1 2 3 Mean S.D. 
Time 
(min) 

1 2 3 Mean S.D. 

0 0.00 0.00 0.00 0.00 0.00 0 0.00 0.00 0.00 0.00 0.00 

5 4.05 5.21 4.63 4.63 0.58 5 2.79 2.79 2.79 2.79 0.00 

15 11.02 11.60 11.02 11.21 0.34 15 6.98 7.68 7.68 7.45 0.40 

30 23.81 23.82 22.07 23.23 1.00 30 18.17 18.17 16.78 17.71 0.80 

45 37.25 31.47 30.30 33.00 3.72 45 25.24 26.63 23.84 25.24 1.40 

60 38.61 40.32 38.56 39.16 1.00 60 31.65 35.84 31.64 33.04 2.42 

90 54.44 54.43 56.13 55.00 0.98 90 48.54 50.67 48.53 49.25 1.23 

120 65.73 65.72 65.70 65.72 0.02 120 59.26 59.31 56.46 58.34 1.63 

150 73.04 73.02 70.69 72.25 1.35 150 70.73 70.78 67.92 69.81 1.64 

180 73.44 71.11 73.39 72.64 1.33 180 68.33 68.38 68.29 68.33 0.04 

210 73.83 73.81 69.16 72.27 2.69 210 68.71 71.54 65.88 68.71 2.83 

240 74.23 71.89 76.47 74.20 2.29 240 71.86 69.14 71.81 70.94 1.56 

270 74.63 76.91 79.20 76.91 2.28 270 72.25 75.08 74.98 74.10 1.61 

300 75.03 72.69 75.00 74.24 1.34 300 75.42 72.70 75.38 74.50 1.56 

360 73.11 73.08 73.08 73.09 0.02 360 73.04 73.09 73.00 73.04 0.04 

420 75.81 78.09 75.78 76.56 1.32 420 73.43 76.26 73.38 74.36 1.65 

480 76.21 73.87 76.18 75.42 1.34 480 73.81 71.09 73.77 72.89 1.56 
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(Continued) 
(D) 

% Pro released from L/7:3 (inside/outside) % HCT released from L/7:3 (inside/outside) 

Time 
(min) 

1 2 3 Mean S.D. Time 
(min) 

1 2 3 Mean S.D. 

0 0.00 0.00 0.00 0.00 0.00 0 0.00 0.00 0.00 0.00 0.00 

5 2.89 2.89 2.31 2.70 0.33 5 1.39 1.39 1.39 1.39 0.00 

15 5.22 5.22 5.22 5.22 0.00 15 3.49 2.79 2.79 3.03 0.40 

30 8.15 7.57 7.56 7.76 0.33 30 4.90 4.20 4.90 4.67 0.40 

45 11.08 9.92 9.92 10.31 0.67 45 6.32 5.62 5.62 5.86 0.41 

60 12.30 11.71 11.71 11.91 0.34 60 7.06 7.04 7.05 7.05 0.01 

90 15.26 14.67 14.67 14.87 0.34 90 9.19 9.17 9.18 9.18 0.01 

120 18.24 17.64 17.64 17.84 0.34 120 11.33 11.31 11.32 11.32 0.01 

150 20.07 20.05 19.47 19.87 0.34 150 13.48 13.47 12.77 13.24 0.40 

180 23.08 22.48 21.89 22.48 0.59 180 15.64 14.93 14.93 15.17 0.41 

210 25.52 25.49 24.91 25.30 0.35 210 17.82 17.80 17.10 17.57 0.41 

240 27.97 27.95 27.35 27.76 0.35 240 20.00 19.99 19.29 19.76 0.41 

270 29.86 28.68 28.66 29.06 0.69 270 21.51 21.49 21.48 21.49 0.01 

300 32.33 32.30 31.13 31.92 0.69 300 24.41 23.00 22.99 23.47 0.82 

360 35.98 35.95 37.08 36.33 0.65 360 28.72 28.70 28.69 28.70 0.02 

420 40.80 41.93 40.75 41.16 0.66 420 33.06 34.43 34.42 33.97 0.79 

480 47.96 47.94 46.76 47.55 0.69 480 40.20 38.79 38.78 39.26 0.82 

 
(E) 

% Pro released from S/7:3 (inside/outside) % HCT released from S/7:3 (inside/outside) 

Time 
(min) 

1 2 3 Mean S.D. 
Time 
(min) 

1 2 3 Mean S.D. 

0 0.00 0.00 0.00 0.00 0.00 0 0.00 0.00 0.00 0.00 0.00 

5 4.05 2.89 3.47 3.47 0.58 5 2.09 2.09 2.09 2.09 0.00 

15 7.54 7.54 8.12 7.73 0.33 15 4.19 4.19 4.89 4.42 0.40 

30 10.48 9.32 11.06 10.28 0.89 30 6.31 5.61 7.01 6.31 0.70 

45 12.85 12.26 14.01 13.04 0.89 45 7.04 7.03 8.44 7.50 0.81 

60 15.81 14.06 15.82 15.23 1.01 60 8.47 7.77 9.88 8.71 1.07 

90 17.64 17.03 19.96 18.21 1.55 90 10.61 9.90 12.72 11.08 1.47 

120 21.21 20.02 21.81 21.01 0.91 120 12.75 12.05 14.18 12.99 1.09 

150 23.64 22.44 25.40 23.83 1.49 150 14.91 13.50 16.35 14.92 1.42 

180 26.66 24.88 27.85 26.46 1.49 180 17.09 15.67 18.53 17.09 1.43 

210 28.54 30.80 29.74 29.69 1.13 210 18.57 21.33 20.02 19.97 1.38 

240 29.85 33.28 31.05 31.40 1.74 240 20.07 21.44 21.53 21.01 0.82 

270 31.17 29.99 33.54 31.56 1.81 270 21.57 20.17 24.43 22.05 2.17 

300 33.65 32.47 32.56 32.89 0.66 300 24.47 23.06 24.56 24.03 0.84 

360 37.30 37.27 39.68 38.08 1.38 360 28.78 28.76 30.27 29.27 0.86 

420 43.29 46.72 46.83 45.61 2.02 420 33.12 30.87 36.00 33.33 2.57 

480 48.15 46.98 47.08 47.40 0.65 480 37.48 36.05 38.98 37.50 1.47 
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(Continued) 
(F) 

% Pro released from 7:3/7:3 (inside/outside) % HCT released from 7:3/7:3 
(inside/outside) 

Time 
(min) 

1 2 3 Mean S.D. 
Time 
(min) 

1 2 3 Mean S.D. 

0 0.00 0.00 0.00 0.00 0.00 0 0.00 0.00 0.00 0.00 0.00 

5 4.05 4.63 4.63 4.44 0.33 5 2.79 2.79 2.79 2.79 0.00 

15 6.39 6.97 7.55 6.97 0.58 15 4.20 4.20 4.89 4.43 0.40 

30 8.74 10.48 10.48 9.90 1.01 30 4.92 6.31 7.01 6.08 1.07 

45 10.52 12.85 12.28 11.88 1.21 45 6.34 7.74 7.75 7.27 0.81 

60 12.31 14.08 14.08 13.49 1.02 60 7.76 9.17 9.18 8.71 0.82 

90 15.27 17.05 17.05 16.46 1.02 90 9.20 11.31 10.63 10.38 1.08 

120 17.67 19.46 18.88 18.67 0.91 120 10.64 12.77 12.08 11.83 1.08 

150 19.50 21.88 21.30 20.89 1.24 150 12.10 14.23 13.54 13.29 1.09 

180 21.93 23.73 23.73 23.13 1.04 180 13.56 16.40 15.70 15.22 1.48 

210 23.78 26.17 25.59 25.18 1.25 210 15.72 17.88 17.18 16.93 1.10 

240 26.22 28.05 28.04 27.44 1.05 240 17.20 19.37 19.36 18.64 1.25 

270 29.84 31.10 29.93 30.29 0.70 270 21.47 21.57 21.56 21.53 0.05 

300 33.47 31.26 31.25 31.99 1.28 300 22.98 23.08 23.07 23.04 0.05 

360 37.12 36.06 34.89 36.02 1.12 360 27.28 27.38 25.98 26.88 0.78 

420 38.48 39.72 39.70 39.30 0.71 420 30.22 31.71 31.69 31.21 0.85 

480 43.31 45.72 44.54 44.52 1.21 480 34.56 37.45 36.04 36.02 1.45 
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Table 42  The percentage of cumulative release of propranolol 
hydrochloride and hydrochorothiazide of poloxamer (L)/shellac 
wax (S) inside/outside layer with 8 mm inside tablet at different 
dissolution fluids  

(A) 
% Pro released in distilled water % HCT released in distilled water 

Time 
(min) 

1 2 3 Mean S.D. 
Time 
(min) 

1 2 3 Mean S.D. 

0 0.00 0.00 0.00 0.00 0.00 0 0.00 0.00 0.00 0.00 0.00 

5 3.47 2.89 2.89 3.09 0.33 5 1.39 1.39 1.39 1.39 0.00 

15 6.38 5.80 6.96 6.38 0.58 15 3.49 3.49 4.88 3.96 0.80 

30 9.89 8.73 11.05 9.89 1.16 30 6.30 5.60 7.70 6.53 1.07 

45 13.42 11.67 15.74 13.61 2.04 45 9.12 7.72 11.23 9.36 1.76 

60 16.38 14.63 18.72 16.58 2.05 60 11.26 9.85 15.47 12.19 2.92 

90 22.26 21.07 24.61 22.65 1.80 90 16.20 14.79 18.34 16.44 1.79 

120 31.64 31.60 35.16 32.80 2.04 120 21.17 21.14 25.41 22.57 2.46 

150 35.28 35.25 38.82 36.45 2.05 150 25.46 29.61 29.73 28.27 2.43 

180 42.42 45.85 52.92 47.06 5.35 180 33.96 33.96 46.61 38.18 7.30 

210 49.59 46.10 56.68 50.79 5.39 210 38.33 34.14 51.05 41.17 8.80 

240 63.75 53.30 60.46 59.17 5.34 240 55.26 42.69 59.69 52.54 8.82 

270 71.04 60.53 78.15 69.91 8.86 270 59.74 51.28 68.37 59.80 8.54 

300 78.37 71.27 88.98 79.54 8.91 300 72.61 55.74 72.92 67.09 9.83 

360 85.74 82.07 89.47 85.76 3.70 360 77.18 68.59 81.68 75.82 6.65 

420 86.20 85.99 89.95 87.38 2.23 420 77.60 77.32 82.12 79.01 2.70 

480 86.66 86.45 90.43 87.85 2.24 480 78.02 81.92 78.38 79.44 2.15 
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(Continued) 
(B) 

% Pro released in 179ydrochloride buffer pH 1.2 % HCT released in 179ydrochloride buffer pH 1.2 

Time 
(min) 

1 2 3 Mean S.D. 
Time 
(min) 

1 2 3 Mean S.D. 

0 0.00 0.00 0.00 0.00 0.00 0 0.00 0.00 0.00 0.00 0.00 

5 0.00 0.38 0.38 0.25 0.22 5 1.77 1.77 1.77 1.77 0.00 

15 1.52 1.52 1.90 1.65 0.22 15 5.31 5.31 5.31 5.31 0.00 

30 3.04 3.43 3.43 3.30 0.22 30 12.41 12.41 10.64 11.82 1.02 

45 4.58 5.34 5.72 5.21 0.58 45 19.55 24.85 21.31 21.90 2.70 

60 6.12 6.51 6.89 6.51 0.39 60 26.73 32.06 28.49 29.09 2.72 

90 9.95 10.34 10.72 10.34 0.39 90 39.24 44.60 41.02 41.62 2.73 

120 14.56 14.95 14.96 14.82 0.23 120 51.83 57.22 53.62 54.22 2.75 

150 19.57 19.96 18.83 19.45 0.57 150 60.95 64.60 60.98 62.18 2.10 

180 23.85 23.87 22.35 23.35 0.87 180 68.36 68.49 64.85 67.23 2.06 

210 28.53 30.83 27.78 29.05 1.58 210 72.26 75.94 68.74 72.31 3.60 

240 34.00 36.31 32.49 34.26 1.92 240 76.19 79.88 76.18 77.42 2.13 

270 41.77 43.33 37.98 41.03 2.75 270 83.67 87.38 80.13 83.73 3.63 

300 48.07 52.67 47.29 49.34 2.91 300 91.19 94.92 91.16 92.43 2.16 

360 55.16 57.51 52.10 54.92 2.72 360 98.75 98.97 95.19 97.64 2.12 

420 57.74 60.10 55.42 57.75 2.34 420 99.28 99.50 99.23 99.34 0.14 

480 57.67 60.05 56.47 58.06 1.82 480 99.81 100.03 94.46 98.10 3.15 

 
(C) 

% Pro released in phosphate buffer pH 7.4 % HCT released in phosphate buffer pH 7.4 

Time 
(min) 

1 2 3 Mean S.D. 
Time 
(min) 

1 2 3 Mean S.D. 

0 0.00 0.00 0.00 0.00 0.00 0 0.00 0.00 0.00 0.00 0.00 

5 -0.76 0.38 0.00 -0.13 0.58 5 -0.36 1.74 1.74 1.04 1.21 

15 0.75 2.27 1.89 1.64 0.79 15 1.74 3.85 3.85 3.15 1.22 

30 2.64 4.17 3.79 3.53 0.79 30 3.85 8.08 5.98 5.97 2.11 

45 4.55 6.08 5.70 5.44 0.80 45 5.97 10.22 8.11 8.10 2.12 

60 6.46 8.00 7.62 7.36 0.80 60 8.11 12.38 10.26 10.25 2.14 

90 11.03 11.44 10.68 11.05 0.38 90 12.36 16.65 12.41 13.81 2.46 

120 16.37 15.28 13.76 15.14 1.31 120 20.83 20.95 16.69 19.49 2.43 

150 21.00 18.77 17.23 19.00 1.89 150 25.15 25.27 20.98 23.80 2.44 

180 25.27 23.02 20.73 23.01 2.27 180 31.59 29.61 25.30 28.83 3.22 

210 28.43 25.41 22.35 25.40 3.04 210 37.71 33.61 29.28 33.53 4.22 

240 32.36 28.57 25.49 28.81 3.44 240 42.12 38.00 33.64 37.92 4.24 

270 34.80 31.75 28.65 31.73 3.07 270 46.55 42.41 38.03 42.33 4.26 

300 38.76 34.94 31.83 35.18 3.47 300 51.01 46.84 42.44 46.76 4.29 

360 47.28 42.69 38.04 42.67 4.62 360 63.89 55.50 51.07 56.82 6.51 

420 56.98 46.69 43.54 49.07 7.03 420 72.65 60.00 63.96 65.54 6.47 

480 59.55 60.54 62.65 60.91 1.58 480 83.19 70.47 82.86 78.84 7.25 
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Table 43  The percentage of cumulative release of propranolol 
hydrochloride (Pro) and hydrochlorothiazide (HCT) combined 
drug loaded in compressed tablet with different poloxamer (L): 
shellac wax (S) in distilled water using basket method at 100 rpm 

(A) 
% Pro released in 0:10 L:S compressed tablet % HCT released in 0:10 L:S compressed tablet 

Time 
(min) 

1 2 3 Mean S.D. Time 
(min) 

1 2 3 Mean S.D. 

0 0.00 0.00 0.00 0.00 0.00 0 0.00 0.00 0.00 0.00 0.00 

5 3.47 3.47 2.31 3.09 0.67 5 1.39 1.39 0.70 1.16 0.40 

15 4.07 3.49 2.91 3.49 0.58 15 2.10 1.40 1.40 1.63 0.40 

30 5.25 4.09 4.08 4.47 0.67 30 2.81 2.11 2.10 2.34 0.41 

45 5.86 4.69 4.10 4.88 0.89 45 2.82 2.12 2.11 2.35 0.41 

60 6.47 5.29 4.70 5.49 0.90 60 3.53 2.83 2.13 2.83 0.70 

90 7.66 6.48 5.89 6.68 0.90 90 4.25 3.54 2.83 3.54 0.71 

120 8.28 7.09 6.50 7.29 0.91 120 4.27 3.56 2.85 3.56 0.71 

150 8.90 7.71 7.11 7.91 0.91 150 4.30 3.58 3.56 3.81 0.42 

180 9.53 7.75 7.73 8.34 1.03 180 5.02 3.60 3.58 4.06 0.82 

210 10.16 8.37 7.19 8.57 1.50 210 5.04 4.31 2.90 4.09 1.09 

240 10.79 9.00 8.39 9.39 1.25 240 5.77 4.34 3.62 4.57 1.10 

270 11.43 9.62 9.01 10.02 1.26 270 5.80 4.36 4.33 4.83 0.84 

300 11.49 9.68 9.06 10.08 1.26 300 5.83 4.38 4.35 4.86 0.84 

360 13.87 9.98 15.60 13.15 2.88 360 5.86 5.10 4.38 5.11 0.74 

420 13.94 11.23 15.14 13.44 2.00 420 5.89 5.83 4.40 5.37 0.84 

480 15.14 11.14 17.74 14.67 3.32 480 4.53 5.16 4.42 4.70 0.40 
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(Continued) 
(B) 

% Pro released in 3:7 L:S compressed tablet % HCT released in 3:7 L:S compressed tablet 

Time 1 2 3 Mean S.D. Time 1 2 3 Mean S.D. 

0 0.00 0.00 0.00 0.00 0.00 0 0.00 0.00 0.00 0.00 0.00 

5 9.74 9.57 5.79 9.74 2.24 5 4.18 4.18 4.18 4.18 0.00 

15 16.44 16.01 12.18 16.44 2.34 15 9.08 7.69 9.08 8.62 0.80 

30 24.50 25.22 19.77 24.50 2.96 30 16.10 12.61 16.10 14.93 2.02 

45 25.45 32.37 26.74 25.45 3.68 45 21.06 16.86 21.06 19.66 2.43 

60 29.25 38.74 32.08 29.25 4.87 60 29.54 21.13 29.54 26.74 4.86 

90 53.81 55.37 31.80 53.81 13.18 90 46.43 42.15 46.43 45.00 2.47 

120 75.36 66.61 52.80 75.36 11.37 120 55.04 54.92 50.86 53.61 2.38 

150 78.40 86.13 60.51 78.40 13.14 150 72.07 63.58 67.86 67.84 4.24 

180 87.45 86.45 65.80 87.45 12.22 180 72.46 68.11 76.59 72.39 4.24 

210 89.99 77.74 70.45 89.99 9.87 210 75.64 79.51 81.19 78.78 2.85 

240 93.14 85.45 75.04 93.14 9.08 240 85.84 85.65 94.17 88.55 4.87 

270 99.74 98.94 80.54 99.74 10.86 270 82.74 92.45 90.51 88.57 5.14 

300 97.74 101.41 85.45 97.74 8.36 300 90.97 90.78 95.17 92.31 2.48 

360 105.40 107.30 90.55 105.40 9.17 360 95.64 91.27 91.50 92.80 2.46 

420 103.46 107.54 92.45 103.46 7.81 420 96.82 92.45 92.75 94.01 2.44 

480 92.74 107.45 105.74 92.74 8.04 480 90.74 90.86 95.74 92.45 2.85 

 
(C) 

% Pro released in 5:5 L:S compressed tablet % HCT released in 5:5 L:S compressed tablet 

Time 
(min) 

1 2 3 Mean S.D. 
Time 
(min) 

1 2 3 Mean S.D. 

0 0.00 0.00 0.00 0.00 0.00 0 0.00 0.00 0.00 0.00 0.00 

5 8.68 11.57 9.84 10.03 1.46 5 5.57 4.18 4.88 4.88 0.70 

15 16.25 12.45 16.74 15.15 2.35 15 12.57 9.53 12.57 11.56 1.76 

30 18.45 15.47 29.45 21.12 7.36 30 25.54 22.54 19.65 22.58 2.95 

45 31.52 38.57 38.47 36.19 4.05 45 33.66 21.08 33.66 29.47 7.26 

60 38.63 52.67 45.63 45.64 7.02 60 42.21 37.92 45.95 42.02 4.02 

90 43.58 67.58 49.85 53.67 12.45 90 59.16 52.65 62.35 58.05 4.94 

120 49.35 77.61 70.51 65.82 14.70 120 72.56 60.35 69.63 67.51 6.37 

150 52.74 84.98 74.37 70.69 16.43 150 97.53 76.45 84.96 86.31 10.60 

180 59.35 85.44 77.45 74.08 13.37 180 93.88 76.86 89.60 86.78 8.85 

210 65.85 89.37 89.14 81.45 13.51 210 94.39 85.64 94.27 91.44 5.02 

240 70.35 95.45 80.54 82.11 12.62 240 90.72 102.83 98.96 97.50 6.18 

270 74.65 94.35 73.58 80.86 11.69 270 91.21 90.85 95.32 92.46 2.48 

300 75.56 92.65 75.64 81.28 9.84 300 91.70 91.33 95.83 92.95 2.50 

360 77.32 94.65 76.35 82.77 10.30 360 89.67 95.65 91.54 92.29 3.06 

420 73.56 93.12 72.54 79.74 11.60 420 87.53 95.65 89.56 90.91 4.23 

480 74.65 96.33 74.58 81.85 12.54 480 91.45 93.45 88.32 91.07 2.59 
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(Continued) 
(D) 

% Pro released in 7:3 L:S compressed tablet % HCT released in 7:3 L:S compressed tablet 

Time 
(min) 

1 2 3 Mean S.D. Time 
(min) 

1 2 3 Mean S.D. 

0 0.00 0.00 0.00 0.00 0.00 0 0.00 0.00 0.00 0.00 0.00 

5 6.36 6.36 6.36 6.36 0.00 5 4.18 4.18 2.79 3.72 0.71 

15 17.97 12.19 12.76 14.31 3.19 15 7.69 9.78 8.38 8.61 0.75 

30 23.86 18.62 20.36 20.94 2.67 30 12.61 17.50 15.39 15.16 1.29 

45 28.04 25.09 32.62 28.58 3.80 45 17.55 23.86 21.05 20.82 1.69 

60 45.55 38.53 42.06 42.05 3.51 60 33.68 36.29 21.17 30.38 7.62 

90 49.27 38.74 45.76 44.59 5.36 90 46.40 47.11 36.75 43.42 5.25 

120 59.96 49.37 42.54 50.62 8.78 120 42.48 59.37 50.80 50.88 4.92 

150 53.34 56.58 56.66 55.53 1.89 150 50.43 60.78 52.74 54.65 4.20 

180 57.10 53.42 56.97 55.83 2.09 180 68.12 59.99 59.74 62.62 1.59 

210 57.41 53.71 57.27 56.13 2.10 210 60.13 56.14 64.25 60.17 4.05 

240 54.25 57.47 57.58 56.43 1.89 240 64.63 60.62 64.59 63.28 2.03 

270 64.95 57.78 64.83 62.52 4.11 270 63.45 79.82 63.33 68.87 8.39 

300 75.72 58.09 65.18 66.33 8.87 300 63.09 82.22 61.13 68.81 10.67 

360 73.70 56.40 64.20 64.77 8.66 360 65.75 79.43 62.45 69.21 8.55 

420 74.56 57.32 66.45 66.11 8.63 420 64.37 75.85 63.46 67.89 6.28 

480 72.48 55.54 62.32 63.45 8.53 480 67.74 77.74 64.43 69.97 6.69 

 
(E) 

% Pro released from 10:0 L:S compressed tablet % HCT released from 10:0 L:S compressed tablet 

Time 
(min) 

1 2 3 Mean S.D. 
Time 
(min) 

1 2 3 Mean S.D. 

0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

5 6.36 4.63 4.63 5.21 1.00 5.00 2.09 2.79 2.09 2.32 0.40 

15 15.66 12.75 9.86 12.76 2.90 15.00 6.98 9.07 7.68 7.91 1.07 

30 31.37 27.87 19.17 26.14 6.28 30.00 15.38 18.88 17.47 17.24 1.76 

45 38.48 34.97 30.27 34.57 4.12 45.00 25.22 29.43 33.59 29.41 4.19 

60 56.05 49.05 35.07 46.72 10.68 60.00 37.90 37.96 42.14 39.33 2.43 

90 84.13 73.62 49.15 68.97 17.95 90.00 50.65 54.89 71.64 59.06 11.10 

120 91.54 101.79 59.83 84.39 21.88 120.00 63.47 76.09 101.29 80.28 19.26 

150 102.46 105.82 67.10 91.79 21.45 150.00 76.36 80.69 110.21 89.09 18.42 

180 99.54 113.35 67.47 93.45 23.54 180.00 85.14 85.31 109.36 93.27 13.94 

210 110.50 110.49 71.31 97.43 22.62 210.00 85.60 85.78 115.67 95.68 17.31 

240 104.15 114.56 68.22 95.65 24.31 240.00 81.89 98.78 112.74 97.80 15.45 

270 87.35 105.72 61.65 84.91 22.14 270.00 73.97 99.31 113.45 95.58 20.01 

300 85.74 85.55 83.47 84.92 1.26 300.00 76.56 99.81 106.78 94.38 15.82 

360 87.72 103.78 85.45 92.32 9.99 360.00 73.45 98.82 105.71 92.66 16.99 

420 89.78 101.78 82.35 91.30 9.80 420.00 77.46 97.87 104.78 93.37 14.21 

480 83.45 98.78 83.77 88.67 8.76 480.00 75.56 101.32 103.75 93.54 15.62 



 
 

 

APPENDICES V 
 

Percentage of drug remaining in the dissolution medium after melting and 
dissolution study for 8 hours 

 
Table 44 Percent of propranolol hydrocholride (A) and hydrochlorothiazide 

(B) after prepared by melting and molding and dissolution study 
for 8 hrs 

 
(A) 

Sample Conc  (mcg) thoeretical (mcg) % drug degraded average 
1 225.7 

222.2 
101.54 

103.28  ±  3.01 2 225.7 101.54 
3 237.2 106.75 

 
(B) 

Sample Conc  (mcg) thoeretical (mcg) % drug degraded average 
1 223 

222.2 
100.33 

103.46  ±  3.14 2 229.9 103.46 
3 236.9 106.60 

 
 
 
 
 
 
 
 
 
 
 
 
 
‘



 
 
 

 

APPENDICES VI 
 

Statistical analysis 
 
Table 45 Statistical analysis by one-way ANOVA of hardness from single 

layer tablet (A; sole drug loaded and B; combine drug loaded) 
with various ratios of poloxamer (L): shellac wax (S) loaded with 
propranolol hydrochloride (Pro) and/or hydrochlorothiazide 
(HCT). 

(A) 
 

FORMULA 
 

N 
Subset for alpha = .05 

1 2 3 4 5 6 7 

Duncan 
(a) 

Pro 3:7 L:S 10 141.5000       

Pro 2:8 L:S 10 142.2000       

HCT 0:10 L:S 10 149.0000 149.0000      

Pro 0:10 L:S 10  159.6000 159.6000     

Pro 5:5 L:S 10   174.8000 174.8000    

HCT 5:5 L:S 10   176.3000 176.3000 176.3000   

HCT 3:7 L:S 10   176.7000 176.7000 176.7000   

HCT 2:8 L:S 10    178.1000 178.1000   

Pro 10:0 L:S 10    189.6000 189.6000 189.6000  

Pro 7:3 L:S 10     193.4000 193.4000  

HCT 10:0 L:S 10      196.9000  

Pro 8:3 L:S 10      198.0000  

HCT 7:3 L:S 10      203.5000 203.5000 

HCT 8:2 L:S 10       216.7000 

Sig.  .381 .187 .051 .102 .057 .125 .101 

 
 
 
 



33 
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(Continued) 
(B) 

 
FORMULA 

 
N 

Subset for alpha = .05 

1 2 3 

Duncan 
(a) 

5:5 L:S 10 186.1000   

3:7 L:S 10 200.5000 200.5000  

10:0 L:S 10  218.1000  

7:3 L:S 10   309.7000 

Sig.  .302 .209 1.000 
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Table 46 Statistical analysis by one-way ANOVA of hardness from double 
layered matrix tablet with different inside and outside layer 
(poloxamer;L, shellac wax; S and 7:3 L:S) at different drug 
loaded in 8 mm inside tablet (A), 12 mm inside tablet (B) and 
outside drug loaded (C)  

(A) 
 

FORMULA 
 

N 
Subset for alpha = .05 

1 2 3 4 

Duncan 
(a) 

L/L 10 100.5000    

   
7:3/S 10 109.4000    

   
7:3/L 10 112.1000    

   
L/S 10  134.1000   

   
L/7:3 10   160.2000  

   
7:3/7:3 10    176.1000 

   
Sig.  .075 1.000 1.000 1.000 

 
(B) 

FORMULA N 
Subset for alpha = .05 

1 2 3 4 

Duncan 
(a) 

L/L 10 140.1000    

L/S 10  165.7000   

L/7:3 10  171.2000   

7:3/L 10  177.5000   

7:3/S 10   200.3000  

7:3/7:3 10    250.4000 

Sig.  1.000 .284 1.000 1.000 
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(Continued) 
(C) 

 
FORMULA 

 
N 

Subset for alpha = .05 

1 2 3 4 

Duncan 
(a) 

L/L 10 108.7000    

L/7:3 10  139.9000   

S/L 10   157.4000  

7:3/L 10   158.7000  

7:3/7:3 10    170.7000 

S/7:3 10    172.8000 

Sig.  1.000 1.000 .813 .702 
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Table 47 Statistical analysis by one-way ANOVA of contact angle from 
various solvent (ethylene glycol;A, formamide;B and distilled 
water;C) on the compressed (C) and molded tablet (M) surface 
with various ritos of poloxmar (L) : shellac wax (S) 

 (A) 
 

FORMULA 
 

N 
Subset for alpha = .05 

1 2 3 4 5 

Duncan 
(a,b) 

5:5 L:S M 4 43.3800     

7:3 L:S C 4 44.4850     

10:0 L:S M 5 46.3300 46.3300    

5:5 L:S C 4 47.1275 47.1275    

10:0 L:S C 5 47.7780 47.7780    

0:10 L:S C 4  51.7050 51.7050   

3:7 L:S C 5  52.0080 52.0080   

3:7 L:S M 5   55.2680 55.2680  

7:3 L:S M 5    61.0300  

0:10 L:S M 4     67.3250 

Sig.  .202 .057 .259 .055 1.000 
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(Continued) 
(B) 

 
FORMULA 

 
 

N 
 

Subset for alpha = .05 

1 2 3 4 5 6 7 8 

Duncan 
(a,b) 

7:3 L:S M 5 40.4560        

5:5 L:S M 5 43.1500 43.1500       

3:7 L:S C 3 46.2400 46.2400 46.2400 46.2400     

5:5 L:S C 4  52.7100 52.7100 52.7100 52.7100    

10:0 L:S M 4   54.1975 54.1975 54.1975    

7:3 L:S C 4    55.8825 55.8825 55.8825   

10:0 L:S C 5     59.5080 59.5080 59.5080  

3:7 L:S M 4      63.8075 63.8075  

0:10 L:S C 5       66.1280  

0:10 L:S M 4        75.9000 

Sig.  .073 .052 .088 .050 .151 .084 .148 1.000 

 
 (C) 

 
FORMULA N 

Subset for alpha = .05 

1 2 3 4 5 6 7 

Duncan 
(a,b) 

5:5 L:S M 4 41.3575       

3:7 L:S M 4 41.4125       

7:3 L:S C 4 44.4850 44.4850      

10:0 L:S M 4 45.2025 45.2025      

5:5 L:S C 3  50.3900 50.3900 50.3900    

3:7 L:S C 5   51.4400 51.4400    

7:3 L:S M 4    53.9275 53.9275   

0:10 L:S C 4     57.6825 57.6825  

10:0 L:S C 5      61.9820  

0:10 L:S M 5       90.0100 

Sig.  .140 .057 .077 .255 .136 .130 1.000 
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Table 48 Statistical analysis by one-way ANOVA of calculated surface free 
energy on the surface of compressed (C) and molded tablet (M) 
with various ritos of poloxmar (L) : shellac wax (S) 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
FORMULA 

 
 

N 
 

Subset for alpha = .05 

1 2 3 

Duncan(a) 

0:10 L:S M 3 25.7000   

10:0 L:S C 3 39.8567 39.8567  

0:10 L:S C 3 42.1067 42.1067  

5:5 L:S C 3  46.5167 46.5167 

7:3 L:S C 3  47.0067 47.0067 

7:3 L:S M 3  47.3267 47.3267 

10:0 L:S M 3  49.4133 49.4133 

3:7 L:S C 3  49.6300 49.6300 

5:5 L:S M 3  52.4200 52.4200 

3:7 L:S M 3  53.2233 53.2233 

Sig.  .056 .091 .055 
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Table 49 Statistical analysis by one-way ANOVA of particle size of droplet 
from molded tablet with various ratios of poloxamer (L): shellac 
wax (S)  

 
 
 
 
 
 
 
 

 
 

 
 
 
 

 
 
 
 
 
 
 
 
 

 
FORMULA 

 
 

N Subset for alpha = .05 

1 

Duncan 
(a) 

MSL37 3 39.3500 

MSL73 3 57.8833 

MSL55 3 58.1300 

Sig.  .365 
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